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LETTER, 
THE CHIEF CLEKK OK THE WAR DEPARTMENT, 



la obedieiwe to tatc, a report of Bvt. Maj. Gen. Q. K. Warren, major of 
engineers, upon the nuhject of hr'uin'mg the Mimiaxip'pi River. 



APHlLai, I ^70.— Kcfrrrtii to tlie Committeo on Commerce and i.rJereil to be [muti'il. 



VVak Department, 
Washinyton City, April 25, 1878. 
The Secretary of War bas tbe honor to transmit to tlie United States 
Senate, for tbe Committee on Oommerce, report of Bvt. Maj, Gen. G. K. 
Warren, mfljor of engineers, npon tbe subject of bridging the Mississippi 
Kiver. This report, together with the letter of the Cliief of Engineers 
aad accompanying maps, is submitted in uoinpliance witb section 4 of 
the rivfr and harbor act, approved June 23, ISGfl. 

The views and recommendations of General Warren are approved by 
this department. 

In the absence iinii liv directinn of the Secretary of War. 

H. T. CROSBY, 

Chief Clerk. 



Office op the Cuief of Esgineebs, 

Washinijton, D, C, April 2ii, 1S7S. 
Sin: I lifjj Icavi- tn .submit herewith tbe aocompaoying copy of tbe 
repiirt of livt. Maj. Gen. G. K. Warren, major of engineers, upon the 
B3L>iect of bridging tbe Missistsippi River aa directed by tbe following 
ulause of section 4 of the river and harbor act of June'23, 186C : 

Fop f N:iniiiiiDg mid rBporliug npon tLeBjilii''ct'if cnnatnioting railroad briilRea acroBU 
the MlHKrs'liiii't River, between St. Piul, lu Mitiiii-fiotu, and St. Loais, m tha State M 
MiMiiiiii. iipi'ii tucb plana of con a tr nut Ion na will offer tiie leattt iiu(>edii]icat to the 

The surveys and investigations in the flehl and the preparation of a 
map of tbe valley of the Jliasissippi were continued in the years 18C7, 
1808, and 1S69, and partial repoits thereon were rendered from time to 
time an were requireil in special cases. 

Niimcrons other important duties were assigned to General Warren 
while making this investigation, the most noticeable of which was tbe 
design and partial construction of the bridge at Bocl: Island. Early ia 
1S7II be was detailed to the charge of the United States Lake Sarve,^-, 



r 



H BRIDGIKG Ullli MISSISSIPPI RIVEB. 

but about tliis time a serious illness mnkiiig it necessary, bis stiition was 
chatiged to Newport, ft, 1. 

This report was further ilelu.ved from a i>res8 abont this time for re- 
ports on special bridge projects, and iu 1870 furtlier survpyswere found 
to be necessary on aecoiiul of the adilitional bridges that bad been bnilt 
since the snrveys of 1SB!>. 

For these reasons the preiiaratioii of thisimi)Oilaiit report, in suitable 
form for publication, has only just been completed. 
■ The object of this investigation was to devise a plan of bridging the 
Mississippi such "that while the railroads could be accommodated the 
navigation should be preserved," conditions which, adverse in tbem- 
selves, could only bo harmonized and made practicable by reasoning 
founded upon facts and the teachings of experience. Time was required 
to bring these conditions suitably together. They involve the most es- 
sential facts of observation upon currents at all stages; the record of 
the rise and fall of the river for a series of years, such as would give a 
useful mean result; the development of engineering capabilities of 
bridge-building which, under the stiniulua of a greater demand, now ac- 
cepts as accomplished facts railroad truss-spans of 500 feet, u|)on piers 
100 feet above water, and other developments, such as that of water 
transportation by fleets of barges propelled and guided by steamboats. 
All these required the time that has been diligently employed iu bring- 
ing this new knowledge to bear upon the question to be solved. 

When the investigation was authorized iu 1866, there was not a rail- 
road bridge authorized by law of the United States upon the Mississippi 
between Baint Paul and Saint Louis, although one, very obstructive to 
navigation, had been erected at Bock Island, and another, not quite so 
much so, at Cliuton. At present there are eleven railroad ciraw-bridges 
iu the same part of the river and several others authorized but not yet 
built. Probably others will still be desired. 

Under the provisions of existing laws, reserving to the United States 
the right to require an alteration of these bridges when the interests of 
navigation make it requisite, it is indispensably necessary to have this 
accurate data at band that justice may be done in the interest of all 
parties and the public. This report should, therefore, be published, to- 
gether with its numerous illustrative diagrams, which can be reproduced 
by the inexpensive photolithographic process, as the engineering ques- 
tions cannot be properly considered without them. 

These surveys have, together with those previously made, furnished 
data of much value for the use of the board of engineers upon the con- 
struction of sheer-booms for the security of the uavigatiou of the Mis- 
sissippi Kiver, 

Accompanying the report is a general map of the valley of that part 
of the great river required for the consideration of the subject, which ia, 
in itself, a valuable coutribution. 

In transmitting this report I dcsira to express my full concurrence ia 
the views and recommeudations of General Warren. 
Very res|iectfnlly, your obedient servant, 

A. A. HaMPHUEYS, 
Briga^ier-Uciieral and Chief of Engineers, 

Hon. Geo. W. McCsary, 

Secretarji of War. 




LETTER OF TRANSMITTAL. 



Engineee Office United States Army, 

Newport^ B. I., March 7, 1878. 

Gekebal: I have the honor to present herewith my final report 
upon the investigation of the question of bridging the Mississippi in 
sach manner as to preserve the navigation, assigned to me nnder sec- 
tion 4 of the act for the improvement of rivers and harbors, &c., ap- 
proved Jane 23, 1866. 

Very respectfully, 

G. K. WAEEEIT, 
Major of Engineers and Bvt. Maj. Oen,j U* S» A. 

Brig. G^n. A. A. Htjmpheeys, 

Chief of Engineers^ U. 8. A. 
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BY 



GOUVEENEUE K. WAEEBN, 
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Page 7, line 1 1 from top, for " of Mississippi " read of ihe Mississippi. 
Page 8, line 12 from top, for "' highway bridges" read highway bridge. 
Page 15, line [2 from top, for "cannot give, such as now constructed" read 

such as now constructed cannot give. 
Page 15, line 8 from bottom, for " suhmergeable " read siibmergen( 
Page 16, hne 23 from top, after "land surveys," add (one on each side of the 

Mississippi.) 

to an inch," add (reduc 



13 from bottom, after ' 



n.) 






add and 



might d 






Page 17, line 5 from top, after " profilf 
Page 17, line 20 from bottom, change 
Page ig, Une 1 S from top, strike out the 

after " which." 
Page 30. line 7 from bottom, change "This river" 
Page 21. line 1 from bottom, change " Minnesota " 
Page 22, line 14 from bottom, change " and below 
Page 23, line 28 from top, change " on the bed " 
24, line 26 from top, for " The 
24, line 10 from botton, for " Where 



to might be. 
'materials," a 



Page 
Page 
Page 
Page 
Page 
Page 
Page 



This view. 
.0 Minnehaha. 
IV " to which just below, 
to in the bed. 
" read The streams, 
read When. 



I 



Page 
Page 
Page 

Page 
Page 
Page 



!5, line 8 from top, for " should have " read might have, 

27. line 9 from bottom, for " 4 feet " read 40 feet. 

28, line 14 from top, No. 12 should begin a paragraph. 

28, line 2 from bottom, for " Suy Carte " read Sny Carte. 

29, line 7 from top, for " Upper and Lower" read Lower and Upper. 

30, line 10 from top, for " drift loess " read drift and loes?. 

30, line 15 from top. for "the river" read the rise. 

31, table, for " Zambro" read Zumbro for " Big Mononionee" read 
Big Menomonee for " Wapsipinican " read Wapsipinicon. 
32, table, for "Pcrague" read Perogue for "Big Pisa" read Big 
Piasa for " Lisle de Bois " read L'ile de Bois. 

34, line 19 from top, for "unable" read able. 

36, table, for " I. H. Johnston " read J. H. Johnston. 

38, line 12 from bottom, for " low draws " read low draw. 

41, line 18 from bottom, for "as such" read as a rone diagram. 

41, line 16 from bottom, strike out " *" after Bridges, 

41, line 9 from bottom, insert * after 645-648. 

47, 2d table, headings of columns should be o and 5 feet, o and 10 feet. 

o and 1 5 feet. &c., instead of o and 5 feet. 5 and 10 feet. 10 and 15 

feet. &c. 
51, under June, last column, for "2.7 " read 2.B for " 9.8" read 

for "0.3" read 0.8 for "0.8" read 0.3. 
54. line 17 from bottom, for "receive" read secure. 
57, May, last column, for " 2.1 " read 2.2. 

61, 1B75, last column, for "29" read 21, for " 31 " read 39. 
64, line 25 from top, for " that river's " read that the river's, 
66. table, 5th column for "8.5" read 78.5. 




7 from botlmti for 
bottui 
lilies 22 and 23 from top 
line 23 from top change 
line 22 from bottom 
line 24 from bottom for 
strike out last two Imes and 
the triangular ends these irr 
the down streim The up 
line 12 from top for walled 
line 22 from lop atnke out 
line 8, from bottom change 
line S, from bottom strike out 
line 6 from bottom change the to a 
line S from bottom for foundations read toundatton 
hne 23 from top tor guard rest budt read one budt 
line 17 from bottom for group reid groups 
line 7 from bottom for axis reid axes 

2 II ftiim bottom for and required reid and thit I reqi 
E 23 from bottom for which is read which I'ilind is 
; 23 from bottom, strike out period after " chords 
2 25 from lop, strike out ; at end of Une. 
; 26 from top, for "they" read They. 
2 23 from bottom, for " bottom of" read bottom to. 
; 73 from bottom, for " side-slope " read side-slopes. 
;s 3t and 22 from top, strike out " the sides above are of oak tim- 
ber, below low water mark." 
Page 131, line 13 from top, for " Kinlenburg " read Kulenburg. 
Page 139, line a6 from bottom, for "ifthe" read of the. 
Page 141, hne 8 from lop, strike oul period after " same." and insert comma, 

and change "They" to they. 
P.-^e 151, hne 29 from top, for "expensive" read extensive. 
Page 185, line 2 from top, for " will be" read is. 
Page 186, line 16 from top. after "to me." insert (see Diagram 5,) 
Page 194, line 20 from top, for " pecular " read peculiar. 
Page 194. line 18 from bottom, for " have been provided " read 
Page'204, Une 20 from bottom, for "bed one" read be done. 
Page 204, line g from bottom, for "assistant" read assistants. 
Page 206, line 7 from top. for " Saint Clair " read Saint Croix, 
Page 208, line 5 from top, for "up or" read up and. 
Page 212, table, 1st column, strike out decimal points before 3 and 4, 
Page 213, line 20 from top, for " island, chute," read island-chute. 
Page;t6, line 19 from bottom, for " spent days" read spent two days. 
Page 217, line 16 from bottom, for " set of current observations taken ' 

set of current observations was taken. 
Page 223, line g from top, for " has been ' 
Page 223, line 10 from top, for " Congress 
Page 229, line 22 from lop, for " Lake Pekii 
From " The ease of Mollie Mohler," &c., 
page 193, is a quotation. 



Page 75, 
Page 78, 
Page 78 

feet at 
Page 79, 
Page 79, 



Page 81. 
PageBi, 
Page 83, 
Page 84, 
Page 
Page 92, lit 
Page 103, li 
Page 108, I 
Page III, li 
Page 123, li 
Page 123, li 
Page 126, li 
Page 1 26, li 
Page 127, hi 



e provided. 



read had been. 

read the Legislature of iViinnesota, 

read l,akc Pepin, 
page 190 to " Decree affirmed " 




Pebfatoht. 



Dri|riii and nntiireuf tliia itivi.-stigatiou— Ruferen'-eH; to C1ia]>ter II, oil Uie fcirniation 
oftheMJBaiEaJppiVuIIeyauclilepT.il of" btd-rock"; tuCh»iilurIlI, agnnnraliiruHetita' 
tioQ of Westeru river uiivijruitiou, witb diacuasiun of tile qnosDion uf '' headway "; to 
Cbapter IV, descrlptioas of (be bridges ou tbe MtHaiaalppi ; to Chapter V, a bistory 
of bridging tbe navigable WeHtitm rivers; to Chapter VI, all acfliintit of aurveys 
made, £e. — Cunclusios kul&tivk t(i the I'Boper kinu of briiigb. 

CHAl'TEU II, 

VaI-LEY op TIIK MtNNESOTA lUVBR AND OF MISSISSIPPI IllVEB TO 

THE Junction op the Ohio — Ira Origin Consuuerbd — Depth 
OP THE Bedrock. 



of tbe term vaUen — Proniiuent iintllrnl features and length — Geoeral maps 
prepared for publicalion— MeChixl of cunsideriiiK question of detith of bed-rock — 
Kxplauation of tbe Ganae of Lake Pepio nnil similar lakes— Valley now GUing up — 
Keoent drainage of Lake WiooipeK sontliward — Valley formed sioDetliealaciera be- 

SiQ to retire — How tbe valley naa formed— Anomalies of Rock Iiland Rapida and 
eaMoinesRapids—Loeasforniatioa— Formation of Mpids since thaLaeaa^nmmary 
of principal pointa presented— Explanatory b^potbesea — Approximate practical con- 
clnaion — Seotioiia of best known parts of valley in regard to depth of bed-rock — 
CoDtonr map of tbn sources of ttie MiaslHsippi — Table of nreaa of baaiaa drained by 
tJie tribniarica to tbo valley. 

CHAPTKlt III. 

Gkheral Presentation op ItEQUiaEWENTS asb Advantages op 
"Western Kiveb Navigation — Necessity fob Wide Clear Spans 
AND High Bridges ; and a Disoussion of the Data on Upper 
Mississippi for Detebmining Headway Under Bridges. 

Prellniinary remarks — How stenmbnats are constructed — Necefutity for bigb pilnt- 
boiiBM — Haiglit of ciliimnuya — Table of dlmeu^iona of sCeamboata — ^Barge trauspor- 
tatioD — RafCiug — Generalremarks-Kuowledgeof varying stases important— ^auge 
data naed — Gauge observations at Saint Lauia and Rook Island compared for a 

Sriod of sixteen years — Oauge observations at Hiint Lonis, Qnlucy, and Rook 
and compared for a period of eight years — Headway under bridges — Ist. Saint 
lionis tAbll;a, &c. — ^d. Rock Island tables, &e. ; comparison of conditions at Saint 
Xionis and Rock Island with regard to headway — 3d. Quincy tables, &c, ; compari- 
SOD of conditions at Saint Lonia and Qoiucy with regard to lieadway — 4th. Dubuque 
tables, &c.; comparison of conditions at Saint Lnnis and Dnbnigne with regard to 
headlTay''5th. Other places on tbe Mississippi wbere gauge observations have been 
made — General rule for equating headway at places having dilfereut ranges from 
high to low water — Table of ranges from law to high water on the Mississippi, Ohio, 
aaa Mlasouri Rivera. 
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8 nRIUGINO THE MlSSISSirPI HIVKR. 

CHAPTEK IV. 

Description of bridges on the Mississipi'i Eiveu, fkom Saint 
Paul, Minn., to Saint Louis, Mo. 

Introilnotory reniarkg— Ontllne gf treatment of each bridge— Saist Paul liAn.wiv 
iiBAW-BBiDGB — Saint Paul elevated nmewAV dkiugk — Haetikqs kshway 

BRAW-BRIDGB — WlNONA IIAILWAY DRAW- BRIDGE — LA CROSSK KAIL WAV l)HAW- 
JIRIPGE — PrAIHIB DU CniBN rONTOK RAn.WAY DRAW-BRIDGE — DL'SUQUE RArLWAV 
DBAW-8RIDGB— ClJHTOS HAII.WAT DBAW-BBIDGB— ROCK ISIJND HAILWAY ANU 
HIGHWAV DRAW-BRniGK — BCRLINGTON RAII.WAY DRAW-BBiDGB— KEOKL'K KAILWAY 
ASD nitlHWAY DRAW-BRIDGE— QinNCY RAILWAY DRAW-BltlDGB— HAN.NIBAI. RAU^ 
WAY AND HIGHWAY DKAW-BRIDGK— LOUISIANA RAILWAY DRAW-BMDOK-— SAIST 

Iaick klbvatkd railway and highway buidges — Bridgks O.V TnB MiSStStlPPI 

BETWKBX S.VINT pACL AKD BaINT LgUIS, ACTHOHI/EU BUT KOT BUILT. 

CHAPTEK V. 

Genebal History op BRiDGrKo the Xavigable Western Kitebs 
in its relations to the laws ; to the decisions of the united 
States Courts ; to thk Debates in Congress ; to the Opinion 
OF Eminent Enginebbs, etc., given in a ohuonological obbbr. 

History of the iiridge across the Ohio at Wbf.eung — History (if tiik first 
bridge across the mishisrirfi at kock islakd— anatbact ov debates in con- 
gress precedisq the authorization of bridges across the mississippi rlver 

Abstract OF DEBATES IN Congress i^galizing the biiidge across tub Mibsib- 
8IFPI AT Clinton— History of bridging the MiSBissipn at Saint Louis — Quota- 

TlOSa FROM DECISIOSIS O*' THE UsTTED STATES SUPREME COURT FO*R INJUBIl-.S SUS- 
TAINED AT THE Saint Paul railway draw-bridge— Memorandum cpos bridoixq 
THE Ohio Biveh sdrsequent to the Wiirrling bridge case — Memorakduh 
UPON Missouri River bkidgbs— Ad3tr.ict or lawm for briuoing the Ohio, Mis- 
sissippi, AND Missouri Rivers. 

CHAPTEU VI. 

General AcrouNT of the Way tbe Subveys and Investigations 

HAVE been made, 

DesoriptioQ of the aurveys made in 1866, '67, '6d, '69, and T6— CiredmBtaiices nuAet 
which tile maps and report were prepared — List and descjuptiox {.<[' original 
MAPS— Compiled maps os a scalb of two ischks to a milk— Map on » nciile uf an 
inch to six niilea — List of .v - 



LIST OF ILLUSTRATIONS. 

(1) For pages in this lexl: 
Diagram A. Miasissippi River Valley from the Ohio to tbe Gulf of Mexicu. 
Diagram B. MiHsisiiippi River Basin, sboning its former extBusiou ou the norlli. 
Diagram C. Junction of Misalasippi and Minnesuta riveni. 
Diagram D. lUnBtration of nideuiiiKof liver vallujB. 
Diagram £. Probable ancient buried vultey near Dea Moines Rapids. 
Diagram F. BluBs at Warsaw. 

Diagram G. Contour map of the sonrcea of the Mississippi. 
Diagram H. Curve of mean of gauge- readings at Saint Louis and Bocic Island fur d 

teen years— IWil to ItilH. 
Diagram 1. Mean curve and zone of range of river for sixteen years at Saint Lonis. I 
Diagram J, Mean carve and zouh of range of river /or sixteen years at Rock Island.! 
Dia^m K, MeanofganKs-reudings atSaint Louis, Quiucy, Rock Ii^land, ami DubnqH 

for period of eight years, lSfl9 to IHTS, inclusive. 
Diagram L. Meaucnrve and zona of jange of river at Qnincy for eight years. 
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Dli^raa M. Mean cnrvennd zune of range of river at Diilniq^ue fur ei^lib yearn. 
I}iaf!>^i<i ^- Sbowiog heailvray under bridges ali dilTareat Btiigeii at Sunt Louis, mean 

of Hlxteiin years. 
Xtlagram O, Showing comparalivfi reqnirenients of ioftilway omler bridges at diffac- 

eiit stamps at Saint Louis aud Ruok Islanii, exdndinft wintry munthfl. 
Diagram P. Showing oouiparative reqairemeuls of headway under bridgea at diffsreiit 

stages at Saint Louis and Qniouy for moaa i>f eight joata. 
Uiagram Q. ShowiDKccuniiarativereiiiiiremontsof hendway uiidar liridgea stdiffL-reat 
stages at Suiut Lonis and Dubnquefur a menu uf eigbt vears, exclnding wiutTy muctba. 
Diagram R. Curves of gniige-raadings at Rock Islaud, III., for 1867, 1868, 1860. 
Diftgrom S. Cnrvea of gnuge-readings at Clinton, III., for pa'fc of 1866 aud for 1867. 
Diagram T. Curves of gauge-readings at Prairie du Chien, Wis., for IBBT, 1868, IMU, 
Diftf^m U. Corves of gauge- readings at Wioona, Miou., for part of 1S6T and for 186'^. 
DilLgrain V. Curves of gauge-readiugs at Satut Paol, Uiun., for part of 1866, for 1867, 

iSis, 1869. 
Diagram W. Cbannel piers, Saiut Paul elevated bighway bridge. 
Diagram X. Channel pieis, tl:c., Haetiugs railway draw-bridge. 
Diagram Y. Temporary piers, &c., Winonarailway draw-bridge. 
Diagram Z. Channel piers, La Crosse railway draw-bridge. 
Diagram A'. Piet of Dubnqne railway draw-bridge. 
Diagram B'. Pier of Rock Islaod railway and highway draw-bridge. 
Diagram C. Pier of Bur!iogt«n railway draw-bridge. 
DlagraniD'. Pier of Quiney railway draw-bridge. 
Diagram E'. Pier of Laaisiana railway draw-bridge. 



(2) Folderi mapa; 



I sheets. Valley of the Minnesota a 
Iso showing the conneution with th 



basiu of Red Riv 



Diagram 1, in 

as Arkansas 

Winnipeg. 
Diagram 'i, in two sheets. Lnngitndinal 

from the junction of the Minnesota to 

tbe hluffd on the right and left banks. 
l^ogram 3. Transverse seutious of tbe Minnesota and Missli^ippi I 

ing our knuwlfldge of depth to bed-rock, A-u. 
IHagram 4. Valley of Mississippi River near Saint Paul. 
Diagram 5. Saiut Paul railway drav-bridge. 
Diagram 6. Saint Paul elevated bighway bridge. 
Diagram 7. Valley of MiB(iissl|)pi at Hastings. 
Dlagmu 8. Hastings railway draw-bridge. 
Diagram 9. Valley of tbe Mississippi at Wiuona. 
IHagram 10. Wlnonarailwa.vdraw-bridge. 
^agram 11. Valley of tbe Uissiasippi at La Crosse. 
Diagram 13. La Crosse railway draw-bridge. 
XN^ram 13. Vnlley of tbe Mississippi at Prairie dn Chien. 
>nagram 14. Piarie da Chieu railway ponton -bridge. 
Disgram W. Valley of tbe Mississippi at Dubnqne. 
Piagrani 16. Dubuque railway draw-bridge. 
Diagram 17. Valley of tbe Mississippi at Clintnti. 
Diagram IS. Clinton railway draw-bridge. 
Diagram 19. Valley of the Mississippi at Rouk lalaud. 
Diagram 20, Rock Island railway and highway draw-bridge. 
Diagram !il. Valley of the Mississippi at BurHugtou. 
Dlagtam 23. Butlingtoo railway draw-bridge. 
IKagram B3. Valley of tbe Miimissippi at Keoknk. 
IKigram 84. Keokuk railway and highway draw-bridge. 
SSagTOin Ua. Valley of the Mississippi at Qninoy and at Hiuuibiil. 
Diagram 36. Quinoy railway draw-bridge. 
I^Bgiam S7. Hannibal railway and bighway draw-bridgo. 
Diagram 2S. Valley of tbe Mississippi at Louisiana. 
Diagram 30, Lonisiana railway draw-bridge. 



and LLtke 

sippi Rivet 
1 abo-vo by 





Ori^n Aiid iiuinre nftlirs iuvestieaHun. RefereDces: To ObaiH.er II, on tbe formation 
of tliu Miutasippi Vulley and depth to "bed-rovk;" to Cbaptor III, a general presenta- 
tion of Wefitern river-imvigatiun, with discossion of the queation of "hpadway;" 
to Chopti-r IV, ilescriptioos of the briilEPB on tha Missisaippi ; to Chapter V, a bintory 
of brii]Eiii(r the navi;;alile Weateru rivars; tu Chaplar VI, an aucoDot of surveys 
made, &i:.— CoKcixstOK rkutive to the phoI'bi; kind of nniDijE. 

Origin and nature oftkin investlnatlon. — This report was autliorizeil by 
tbe following provisions eontaiiied io soctioii 4 of the act makinG: appro- 
priations for rivers and hiirboi's ami other purposes, approved June '2'-i, 
1860: 



For examinm;; and reporliu^ iip'>n the snhjeot of cnDHtniGtin^c railioiid bridges 
ftcrOBS the Missiaaippi River, belvrueii St. Panl, io MiuDenota, aud St. Louiu, in Mi bid ml, 
upon Blicli plana oh «ill oS'er I he least ini pediment Io the navigation of the river. 

iDStractioDS to nie from the Chief of Engineers, Uuiteil Stat«.'< Army, 
dated August 2, ISliB, lifter aasi^'iiing otlier duties to me, aay, this "duty 
is also coiiflded to yuii, and you will collect all the iuformatioD pcrtaiti- 
ingloit." 

This enaetmeut in rci^iird to bridginj; tbe Mississippi li:id its origiu in 
iS TfBolution inlroducoil in tbe Senate (ptior to tbe jiassnge of any act 
aatliorizing bridges upon the Mississippi Itiver] by tbe Hon. Alexander 
Bamsey, ehairniau of tbe Committee on Post-UQices and Post- Hoads, and 
I vas insti'ucti-d to confer with bitu on my arrival at Saint Panl as one 
who wouhl fui'tiisb me "facUiiies for proenring mach valuable infornia- 
tton preliminary to my labors," By him 1 was furnished with a copy of 
tiie debates in Congress on this eubject. and taking these as a guide tn 
Ibe natare and extent of tbeinformattOJi I was to collect, I probably had 
a field of investigation more extended thiin usually falls to an engineer, 
bnt in no case have I gone beyond the matters collateral to, if not 
directly affecting, the strict engineering qtiestions. I have made ab- 
stracts of these debat«s, and give them in Chapter V of this report. 

It would be a simple matter to report that a bridge giving about Sj 
feet clear space above high water with spans of 500 or 600 feet (which, 
in an engineering point of view, are practicable) would offer no obstruc- 
tion to navigation on tbe Upper Mississippi or elsewhere where vessels 
are propelled by steam and not by sails, and thus meet the requirement 
of the act ; bnt it is evident from the debates that the " plans " which 
shall "offer the least impediment to navigation" must be based not 
merely upon questions of engineering capabilities. These plans mnat 
be within limits of practicability as to cost, and be adapted to the place 
where needed and to the service required of the bridge. The plans must 
therefore make reasonable provisions for all the requirements of the case, 
and the presentation must be accompanied by the facts and other evi- 
dences of practicability and utility. Such ia my view of ttie Aa*^^ 'i'^vv 
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fidt^d to me, Hud it seems implied at least in tlie instructions to "colluut 
ill! Ibe information appertaining to it." 

Tbe passage of several acts authorizing bridses on the Upper Mis- 
sissipjii does not do away with tbe necessity of tliis investisiition, be- 
cause the right is reserved by Congress to make such additional legisla- 
tion as the protection of the navigation may be found to rpqnire. auil 
there are some bridges bnilt that are not authorized by Congress which 
ma; come before it for consideration and action. Investigatioti is thus 
as important for the purposes it was ordered, at the present tiiue, as It 
was at- the outset- 

The necessity of bridging the Jlississippi was conceded by every one. 
The only question was as to the kind of bridge, whether to be low ones 
with draw openings or coutinuons and of height suCBcient to allow ves- 
sels to pass under them. The high bridges were advocated by those 
interested in the navigation, and opposed by those more concerned in 
crossing the river, as being impracticable on account of cost. Tbe low 
bottom-land banks of the Mississippi Uiver and their great width, the 
opponents of high bridges said, make the high approaches too expen- 
sive. Besides this, the bed of the river was stated to be generally of 
sand to so great a depth that fonndattons could not be laid upon the 
underlying rock, the only secure manner of building such high piera. 
To furnish delSnite information on these points was evidently one of tUe 
objects of the investigation. The Hon. Alexander Ramsey, mover of the 
resolution, said on April 30, 1S6C : 

Survey the whole river and dt'ciile, at leiwtas to tlio futiiro, wlmt bUhiiIiI lie tiio eliar- 
octer of the bridges tliere. 

And in another place : 

To anrvej the river, anil Beltle the 
nf these bridges, hnw, where at the s 
T)ie navigation preaerveil. 

The kind of survey intended could only be of a very general charaister, 
as only $10,000 was provided in the resolution for making it, and it is 
probably better described by another remark of the Senator : 

To send oat to view the rirer aud furuisb iis the besE iaformation on the sulyBut. 

It was at first intended that the report should be submitted at the 
uext session of Oongress, but the passage at the same session of the 
acta authorizing all the bridges whose construction had been urged al- 
lowed more time. In making it advantage was taken of surveys of the 
Mississippi, ordered for purposes ot improving navigation, and thus a 
great deal more was done than this appropriation for the special pur- 
pose would have permitted. 

The remainder of this chapter will be given to presenting the manner 
in which the report is made up and noting some of the must important 
deductions. 

Formation of the valley of the Umkidppi Jticer aitd depth to heilrovlc. — 
General considerations leading to a knowledge of the general dtit)th of 
the bed-rock beneath the sand caused me to prepare a map on a scale of 
six miles to an inch, including the Minnesota Uiver. The drainage of 
the great basin of Lake Winnipeg appears to have been formerly alon^ 
this valley. The discussions and conclusions relating to this purt of the 
subject form Chapter H of this report. There seems every reason to 
believe that the bed-rock can generally be reached fur pier foundations 
by means of the pneumatic process, which has been abundantly em- 
ployed during Urn period this investigation has been going on at Omaha, 
Saint Louis, Siiiri 1. 1 owph, and Saint Chiirlew. At the end of the chapter 
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is a table giving the areas of the ili'uiimge oi' all the tiiljiitaries to the 
valley above the mouth of the Ohio. 

A general presentation of Western river navigation and a Mscitsston of 
giieation of headway are giveu in Chapter III of this report. 

The interests of navigation, as represented by the iSaiut Louis Cham- 
ber of Commerce, held that no brid^ie should be built that did not leave 
a clear headway over the main navigable chaunet of at least 50 feet at 
time of extreme high water. ThereTis reason to believe that the extreme 
liigh water referred to was that of the highest known, and not of the 
ordinary high water; for while it is true that during such very great 
floods busiiLfSs is generally suspended, yet by placing the bridge 50 feet 
above rhat level it gave an increased headway for all ordinary floods 
anil for high stages ajiproaching the level of ordinary Hoods. 

There has been, so far as I know, no thorough discussion of the sub- 
ject of relative headway at ordinary stages at different places on the 
Alississippi. 

It is obvious enough that 50 feet above extreme liigh water where the 
river range is 4(1 feet an<l where it is 20 feet is a ditt'erence of 10 feet in 
favor of the tirat place when the river is at a half stage ; that is, there 
will be 70 feet headway at ore place and CO feet at the other at such time. 
A difterent provision in respect to height of high bridges iu general 
Beems required. 

The United States law authoriziug the bridge at Saint Louis, however, 
provided for a headway of about 50 feet at ordinary high water, which 
staire is about 7 feet lower than extreme high water of 181i. 

The discussion in Chapter III ehow.s (if we provide on the river above 
Saint Louis for only the ordinary high water) that an elevation of about 
57 feet above ordinary high water will be required to give a headway 
tqnivalent to that at Saint Louis. This investigation seems to have 
established the practical rule for all rivers that equivalent headway at 
different places requires that the height of the bridges measured from 
the level half tvay between high and low water should be the same for 
all places. This is one of the most important contributions to the sub- 
jeot made by this investigation, and it was essential to reaching it that 
the observalioos should have extended over the considerable number of 
years which it has. 

A table of rise of water from low to high stages on the Mississippi, 
Ohio, aud Missouri Kivers is given at the end of this chapter. 

Iientjtha of spans. — Experience iu the interval of time which has elapsed 
Bince the investigation began has settled all questions with regard to 
the practicability of long spans. At Cincinnati there is a railway bridge 
with a clear span of SOU feet over the channel of the Ohio. It is of the 
American pattern of horizontal truss, composed of wrought iron, rest- 
ing U|«)u piers 100 ieet above low water. There is also at Cincinnati a 
railway trnss-bridge with one span of 400 feet. At several places there 
an railway bridges with spans between 300 and 400 feet, and many 
iSpaiia of railway bridges of 31)0 fei't width in the clear. 
[ At Lnnisiana, Mo., there is a railway pivot draw-bridge across the 
'SliBsiBSipin of :!00 feet clear openiiig.s. and propositions are now made 
H>y (sompeteiit builders aud engineers to eiiiplov two such pivot draw- 
bridges and thus leave one clear opening of 400 feet and two others of 
'200 feel each side of it. 

It must be admitted that engineers can make ample provisions for 
navigation. Accomplished facts leave this no longer a question. 

Description in detail of the bn^gexonthe Mississippi from Siiint Paul to 
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Saint lAiuis is given in regular order, descending the river, in OliaiJter 
IV, which eoncUideft with a list of bridges authorized but not bnilt. 

In Chapter V is given a general kuttory of liridgitig fhe navigable Western 
rivers, in ita rehition to the laws ; to the decisions of the United Statue 
conrts ; to the debates in Congress ; t« the opiuiona of engineers, &c., 
arranged in nearly a cbronologioal order. This will be foand useful to 
those having to consider this qnestion in any of these relations. At 
tlie end of this cbapter is an abstratft of the United States laws relaUre 
to bridges on the Misaiasippi, Ohio, and Missouri Elvers, Special at- 
tention is asked to the delensele^'s condition of the navigators before 
the United States courts, under existing laws, as shown by thia history. 
When the first Itock Island bridge was built the injuries to navigatiou 
which followed caused suits of various kinds to lie at once brought 
againat it, and an appeal waa also made t« Congress. A committee 
appointed by the House of Representatives reported that the courts 
aflbrded ample protection. Alter several years of suffering fhe navi- 
gation interest obtained a decree from the United States district court 
of Iowa decreeing the removal of part of the bridge. On appeal the 
United States Supreme Court set this decree aside because of want of 
joriadiction in the district court. When the laws were framed in 1S66 
authorizing bridges, a special section was adopted giving juriadiction 
to the district courts. But another section in the laws, making the 
bridges post-routes, gives absolute protection to the bridges and none 
to the boats. There have been no suits brought by steamboat-owners 
against the briilges so authorized. TUey have to liear the injuries to 
the vespela, and are liable to suits for tho injuries their cargoes sustain 
and for any damage to the bridge. Something .ihould be done about 
this. 

This report is limited to presenting the Western river navigation and 
bridges by themselves. From having been a member of boards to 
consider the question of bridging the navigable channels between the 
great lakes, 1 am equally well acquainted with them, but aa the vessels 
there nse sails as well as steam, and are otherwise entirely difi'ereut in 
construction and management, the principles applicable to one of these 
navigable waters are inapplicable to the others. The same remark is 
true of the bridges over estuaries of the Atlantic aeaboard. 

In Chapter VI is given an aecount of the aurveya and circumstances 
under which the maps and report have been prepared, with lists and 
descriptions of all the maps made and the manner of conatrnctiug theq 
ala^i lists of maps obtained from others, and an account of the way i] 
which all have been used in compilation. 

OOMOLUSION RELATIVE TO THE PEOl'Ea KIND OF BEIDGB. 

Among a number in Congress in ISGti who yielded to the necessity tai 
]>assiug the act authorizing the construction of ihe railway draw-brit^ 
at Quincy, III., it was felt that although such a bridge was a serious 0, 
Btruction to navigation, it might be borne if the number of such brid^ 
was small, but that if the number was increased to a dozen their o 
bined obstruction would become insupportable. Not counting (' 
bridges authorized but not built, those now in existence have more 
reached the limits of aggregate obstruction to mivigatiou that can I 
borne without aufforing great loan. Such bridges " sciiommodate" d 
railroads, but the delays they oecasiou to vessels at nights and durid 
winds which do nob interfere with the navigation of other paits of tB 
river, prevent all regularity iu the running of steamboats, and desttfl 
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the si'steoiatic arrangements for loading and nnloading I'reiglita, npon 
whieh ecouomlcal and profltivble management depends. 

Ontlie contrary, moderately high bridges, allowing the proper head way 
under tliem lor the passage of pilot-housea of necessary elevation (which, 
Mrhile occasioning some expense and inconvenience in adopting suitable 
chimneys, when once done, is done for all), can be increased in numbers 
independently, without mamrially increasing the obstruction to naviga- 
tion. Experience has shown that it is practicable to build these high 
bridges with any needed width of clear spans. 

Cheap transportation, the great want of the Mississippi Basin, can 
only be secured by the barge system, requiring wide opaniugn betweiin 
the piers, which low draw-bridges cannot give, such as now constructed. 
"Wider openings may be secured by double pivot draw-openings, but as 
a practical matter it remains to be established. 

The conclusion then (which the whole of this investigation and report 
sustains) is, that high bridges with wide spans are the only kind that will 
with certainty " accommodate the railroads, and at the same time pre- 
serve the navigation." 



CnAPTEE 11. 

Vaxlev op the Minnesota Kiver and of thk Mississippi River 

TO THE JUNCTION OP TIIE OHIO — lT3 OKIGIN CONSIDEEED — DEPTH 

OF THE Bed-rock. 

Defioitlon of the term raHey— Pramioant natural features ami leugtb— Cienaral maps 
prepamd for publii^ation — iletiiod of oonsidBriug qusatious of dupib of bed-cimk — 
Explanation iif Ibe aauso of Luke PejiiQ aod situilai- lakes— Valluy uow lilliug up— 
Heoent drainage of Laku Winui[iag sontli ward— Valley formed Biuce tbo glacier* 
begftn to retire — How tba valley was formed — Anomaliea of Kook Island Rapids aud 
Dob Moines Hupids — LoesB foramtioo- Formatiou of rapids siuoo the Loess — Sam- 
luary of prinoipal poiuts presented — Esplaoatory liypotlieses— Approximate prac- 
tical conoliiBioH — Suctioua of best known parts of valley in regard to daptb of 
bed-rock — Contour map of tlie sources of the Mississippi — Table of arens of basins 
drained by the tributaries to the valley. 

Definition of the term '^ valley,'^ pmiiiiient natural features and letigtli. — 
The valley to be considered is the part included between the high banks, 
commonly called bluffs. Whenever it becomes necessary in this report 
to refer to the whole area drained by the river the word hagin, will be 
nsed to designate it. 

Between these high banks the greater portion is subject to overflow 
at time of doods, forming what is sometimes called \>hti JiooA plain ; the 
smaller part above overflow is generally composed of alluvial terraces 
of sand and gravel, in some cases the distinction between the turraces 
aud the bluffs is difhcnit to make. 

The Mississippi itiver in its nsnally navigated parts touches only here 
and there at places exempt from Hood-waters, iinit these are natural 
landings for steamboats aud sites for towns. In course of time the con- 
veaience of the people living there makes them desirable locations for 
bridges. It is very rare, however, that both banks of the river are 
above submergeable; where one bank is, the opposite one is generally 
low, and covered many feet deep at extreme high-water, making it diffi- 
calt to construct bridges sutlicieutly elevated for steamboats to pass 
tiuder them. 

The distance along the general course of this valley from Saint Louis 
to Saint Paul is about 620 miles, but steamboatmen, by the course they 
take along the navigable channels, make the distance about 800 miles. 
This was the only part specified in the law imthoriaras ^'^^^'^ \\iNftW^\'ee-- 
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tion, butit was necessary ia order to present the sabject Jtttelf prop( 
to include the whole distance from the mouth of the Minnesota to | 
Ohio ; this is an e:ttent of about 760 miles along the geueral coors 
the valley, and we have prepared a map of it in twenty-two sheets o 
scale of two iuches to a mile. The manner iu which this has been <f 
18 deHcribed in Chapter VI of this report, 

General map and profile prepared/or publication. — Although we haJ 
ill constracting the map, exhausted all means of obtaiuiug kuowleg 
in regard to this part of the Mississippi Valley, there are some partaL 
it too little determinefl to make its publication, as a whole, adviaan 
and therefore we have only prepared for publication the iudes mapl 
those twenty-two sheets, on a scale of six miles to an inch. (If ph(n 
graphed it may vary i'rom this scale.) Here, again, generalizations ha 
led us to make this index map include the Minnesota River Valll 
That valley, under another clause of the law, was altto made a part* 
my in^'estigation, and a map in twenty sheets on a scale of two inchn 
to the mile was made for ir. The map submitted for publication is also 
an index map to those Muinesota Yatley sheets now on file at Engineer 
beadfjuai'ters in Washington. We have also e.stended this general m»R 
soutliwHrd so as to include overflowed land as far as the northern pu " 
of Arkansas, and nortbwanl to include a part of the basio of the F 
itiver of the JNorth, It is designated as Diagram 1, in live sheets. __ 

The t.svo systems of United States land surveys are so checked upon 
eaeh other iu its coDStruciiuu and by 8|>ecial surveys by ourselves, thaC 
the vnlley on this small scale is probably as correct as it can be repre- 
sented The whole of the flood plain is shaded with light ruled lines* 
except the principal lakes and water-courses, which are shaded with, 
heavy ruled lines. The alluvial terraces above overflow are shaded 
with dots. Tlie high banks nr bluS'd are without shading, Ou sheet 
five thi'rf are some overflowed landa that are above the Mississippi floods^ 
which have special shading. 

In order to complete a presentation of the Mississippi flood-plain tx> 
the Gulf of Mexico, the page Diagram A is added, reUaced from I'lat** 
II of the report of Humphreys and Abbot on the physics and hydrau- 
lics of the Mississippi. 

General considerations as to llie formation of the Mississippi Valle>' 
have caused me to present also the page Diagram ii, showing the Mis- 
sisnippi basin as it is, and extending northward to include the Laic^ 
Winnipeg basin with tlie aucient extension of the lake southward au^ 
outflow through the valley of the Minnesota and Mississippi llivers. 

Projileit prepared for publication. — Accompanying this chapter ar« 
two sheets of longitudinal profiles of the valley from the junction t?*^ 
the Minnesota Biver to the junction ot* the Ohio. The horizonlal seal* 
is about S miles to an inch, and the vertical 201) feet to an inch. Tl»* 
datum is the sea-level according to the best daterininatioiis, and bot>** 
sidesof tlie valley are given side by side. The partsof the banks aboV* 
low water are shaded to indicate thH strata of diflcreni geological per*" 
ods, bnt it mast be borne in mind that this low-water line does not reE?' 
resent the low-water slope of the winding river, but ia drawn from poii» ** 
to point along the geueral course of the valley, so as to bring the roclc^ 
into their jiroper rehitive positions, These lougitiulinal profiles ac*^ 
designated as Diagram 2, in two Nheets. 

Another .sheet, dcsiguated aw Diagram 3, gives 20 trausver^^e vall»X 
sections, on a larger scale than the profiles: three of them ou the Mlt»" 
nesota Valley; one on the Mississippi, above the junction with tbP 
^Ijlule3otaJ fourteen of them in the valley between the Minnesota a ^ ' 
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io ; one at tbe moiitli of the Missouri Giver, and one ut the mouth 
le Illinois Biver. These sectious are ilesiguetl to sho^ the extent 
^nr positive knowledge of the depth of the bed-rock, and wiil he 
bribed in detail in the latter part of this chapter. 
We are mainly indebted for the geological data in these profiles to the 
brt of David Dale Owen of October, 1851, ou the geological survey 
IPViscoasin, Iowa, and Minnesota; to the report on the geological 
^€y of Iowa, by Prof. James Uall, J. D. Whiting, and Mr. A, H. 
prtheo, pablisbed in 185$, and the report of Mr. A. H. Worthen, di- 
tor of the geological survey of Illinois, published in 186G. 
uetlioA of treating question of depth of bed-rock. — The question of deptb 
|the bedrock beneath the sand that nsnally form^ the bed of the 
er will occupy the remainder of this chapter. 

Id presenting ray ideas in regard to it, I have thought tbe best order 
Ivbich I could arrange them would be that in wtiich they arose in the 
jigressof tbeiavestigation. It was from the first obvious that means 
d time would not allow of my covering such an extended field by ae- 
il borings, and that the most that could be done was to draw such 
bbable inferences as could be done by a study of the rocks visible in 
I bluffs and by an e£t'ort to comprehend the manner in which the val- 
Iwas formed. 

[he consideration of the anomaly preaeuted by Lake Pepin tying in 
i coarse of the river, and said to have a depth of 60 feet near its 
fer end, wa» the beginning of this effort. If the valley in this portion 
1 once been aW of thia depth, and since filled in, then the bed-rock 
Id not bo less than 60 f^et below the water surface. Explanations 
She cause of this lake had been attempted by Long and by Featlier- 
nhaugb, which did not seem to me satisfactory. 
hplanation of the cause of Lake Pcpinand similar lakes. — The results 
the levelings ou the Minnesota and Mississippi rivers made by me 
wed that juflt below the entrance of any considerable aflluent there 
I aa acoumalation of deposit ire the main stream brought by the trib- 
ry; that over this deposit the slope of the water was greater than 
average slope, and that it was shoal and impeded navigation ; that 
! above tbe aMueut the slope was lo^s than the average, and tbe 
ev deeper. So far, this was in accordance with conditions which 
erall,v exist in rivers, and might do so even where tbe main stream 
I gradually wearing away and deepening its bed. 
iBt a marked peculiarity was exhibited at tbe junction of tbe Miune- 
l and Mississippi rivers. Kegarding the Mississippi as tbe aftliient 
icb we might do from the comparative sizes of the two valleys), the 
) here would bo as it is elsewhere, steep slope and shoal water below 
Affluent and almost no slope and very deep water above. In this 
^Doe tbe effect is felt above for at least 3D miles. On the other 
i, taking the Mississippi as the main stream (as the volume of its 
KllBB always caused it to be regarded), then we have the anomaly 
be main stream filling up the valley and damming back the afilneht 
&&t the latter brings no coarse material whatever into the main val- 
or has any part in forming the sboal below the junction of the two 
tama. 

called attention to this in my report published in 1867, and again 
le the anomalous condition a feature in my report on the Minnesota 
■«r {An. Bi'ii. Obief of Engineers, 1S75, Part I, page 337), where a 
Jtam was given of the streams and valleys at the junction, which I 
B report as Diagram C, In that report I showed that the valley of 
iUinoesota Kiver bad in the period subsequent to the g.la.iiX'iA.-A'csSSi 
S. Ex. 60 '2 



T.8 BRIUCJING THE MISSISSIPPI RIVER. 

epocli beeu occupied by a much larger river, wliicb Lad formed the out- 
let of a great lake, embracing the lake Winnipeg aud receiving the 
drainage of its basin, and extending as far south as the present I>ae 
Travera at the sonrce of the Minnesota Hirer. This ancient river, if its 
volume were as great in proportion to area as that of the Mississippi 
above the falls of Saint Anthony, probably equaled Niagara in volume, 
and would have been sufficient to prevent the formation of such excea- 
Give accnmnlation of debris iu its course, such as the Mississippi is 
now nmkiug below thejunctiou of the Minnesota Elver, although it i8 
probable that the material brought into it from the near proximity of 
the falls of Saint Anthony, would have had the usual effect of somowhaj 
increasing the slope and ehoaluesa just below its junction, and decreas- 
ing the slope and increasing the average depth just above. 

Accepting, then, the conclusion which I have elsewhere made reason- 
able, that the drainage of the Winnipeg basin was formerly along the 
Minnesota and Mississippi below the junction, then when the flow of 
water from that great northern basin ceased there would no longer be 
the volnme of water necessary to remove the deposits bronght by the 
affluents into a channel of too great capacity for the requirements of the 
new conditions. 

In building the railroad bridge across the month of Ihe Minnesota, 
Mr. Shepard, the engineer, made borings to ascertain the character of 
the foundations. A rod was forced down about 60 feet, at which dis- 
tance a stratum was reached so yielding that the rod's weight wonld be 
barely supported. He did not endeavor to probe further, for just before 
reaching this soft layer he passed through a harder one of suffieient 
thickness and resistance to support his structure. This bridge is a work 
of minor character. This shows that the deposit in the old valley 
exceeds CO feet at this point. The Minnesota being a muddy stream, 
its flue silt has much filled the lake which the Mississippi debriH at its 
month caused. 

The debris and material brought over and from the Falls of Saint 
Anthony has beeu carried downward by the water, gradually accuma- 
lating and filling the valley as it advanced. One should here stop and 
consider the manner in which river deposits are made. The finest clay 
is so easily mingled with the water that the slightest disturbance in HbA 
fluid as it moves even with the gentle currents, is sufficient to keep it 
from settling down until the still water is reached. The amount of this 
on the Upper Mississippi is comparatively very small. Such materials 
as can be moved only by the swiftest currents are rolled over along the 
bottom, gradually diminishing iu size by friction, and furnishing smalleE 
particles Bnseeptihle of being thus moved by feebler currents. The 
resulting material is pebbles, gravel, and sand, the fine material, such 
as clay and vegetable matter, being all washed out. 

When deposits of gravel or sand are made of materials moved along 
the bottom, it takes place as soon as the current slackens, as it must do 
on reaching a place having larger sectional area. The deposit is suddea, 
and the material is all taken up in diminishing the section, until the 
velocity of transportation is restored; then deposition contiuues imme- 
diately iu front of the last deposit. Such deposition, therefore, does 
not extend laterally from tlie course of the current into any contiguous 
dead water, as depositions from water holding a clayey or vegetable 
matter would. 

Thus iu the valley of the Mississippi, the lakes alongside the river's 
course are deeper than the river, which has continued to raise its bed 
by deposits of sand after the lakes were cut off from its current. 
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From llie Falls of Saint Anthony down to the Saint Croix River the 
Mississippi Valley receives no considerable tributary. The Saint Oroix 
conies from a region of trap rock now furnishing little or do large and 
beavy sedimentary matter. The result has been that the Mississippi's 
deposit of sand and gravel has been thrown across its month, holding 
back its water and forming the Saint (Jroix Lake. At low water, while 
tlie depth of the Mississippi at the juncture is 2A feet, the depth in Lake 
Baint Oroix is 2u feet. It is not probable that 2a feet depth represents 
tbe amonntof filling of the ancient valley at this point, because the lake 
itself must have been somewhat shoaled with fine deposits of clay and 
vegetable matter. 

The next considerable tributary to the Mississippi Valley is the Chip- 
pewa. This, entering at right angles with a steep river slope and a prob- 
able high-water volnme of at least 40,00U cubic teet per second, comes 
from a region inexhaustibly supplied with siliceous sand and gravel 
containing a considerable of the heavy magnetic saud, whose oxidation 
often cements the other sand deposits,* It brings quantities of these 
materials, which spread out below, give a very steep slope to the Mis- 
sissippi River and very bad shoals for navigation. 

Lying just above this deposit is Lake Pepin, which it completely ac- 
counts for. The reason this lake has Tiot been filled up by the Missis- 
sippi above is that the supply of sand from the Chippewa is so great as 
to raise the level more rapidly than the filling above can keep pace with. 
Tbe Chippewa from the left bank pushes its sand-bar ont, so as to con- 
fine the outlet to the lake to the opposite shore. There is an observa- 
able relation between the condition of the lake and the deposits of the 
Cbippewa. The deepening of the waters by the deposit of Chippewa 
Hands is felt at low water sometimes as far up as the month of the Saint 
Croix, when Hoods in the Chippewa make these deposits large, and on 
the other hand,iu times of droughts the waters of the lake cnt the outlet 
deeper, and lower its level, so that the shoal water is moved down the 
river two or three miles below the Saint Croix. 

If we follow the Mississippi down we find similar conditions produced 
by the Wisconsin River as by the Chippewa ; that is, a great increase 
of the slope and shoaling of the river below the Jiinctiou, With gentler 
slopes, deep water, and lake-like aspect above. There would probably 
have been a large lake bore if tbe discharge of Black Eiver, just above, 
had not silted it up. 

Another instance is afforded by the damming-back effect of the Missis- 
sippi deposit at the mouth of the Illinois Kiver, making it at low water 
almost like a lake up to La Salle. V 

Lake Pepin must theretbre be regarded as due to the deposit by the 
Chippewa of heavy coarse sediment into the valley of an ancient and 
larger river. This view may be strengthened further by the following 
considerations: It lies immediately iu the course of the main valley 
above an important tributary. In this respect it agrees with Lac-qui- 
parle, on the Minnesota, just above the Lac qui-parle River; with another 
lake on the same valley just above the Yellow Earth River; with Big 
Stone Lake in the same valley, just above Whetstone River ; with Lake 
Traverse, which is formed by deposits from a stream at each end, and 
this empties sometimes in both directions. It agrees iu this relation 

• The analyBis of the soil ou thia part of the Chippewa River (the Yellow Banka) 
gives 9.1 per cent, ofiosoluble tuattei', whioh iachiell; white hbd<1, with ooly Sper oent. 

of organic matter, less tlian 4 per cent, of aolnble Bolinr ---— - --■- '■'-" "■ 

oiide of iroD and alumiua witb only a trace of ealoareo 
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with the lakes on the Qui-Appellee, which all lie juat above a consii 
ble tributary, ami with lilte lakes on the Upper Fox of Lake Winnebago. 
This constant relation seems nnmiatakably one of canse and efi'ect. 

Valley note filling up. — From what has been stated above, it is clear 
hat the river valley in the part we have considered is not now being 
deepened by erosions, but, on the contrary, ia filllDg up, and it appears 
to be doing so all along its lower course except at the rapids. 

Recent drainage of LaTce Winnipeg southward. — As I have stated ia 
previous reports, I regard the ancient riverdraining the Winnipeg soath- 
ward by the Minnesota and Mississippi Valley as existing Bubsequent to 
the glacial deposits. This is based upoii the fact that the river's coarse 
is cut throiip;h those deposits, as shown by the banks in many places 
from Lake Traverse, in Minnesota, to Warsaw, in Uliuois, and that the 
ancient bed of Lake Winnipeg is free from glacial deposits, and exbibila 
only the silt-deposit since made by the ancient lake itself. 

Yalley formed since the glaciers began to retire. — It also seems most 
probable that the ancient valley itself, as a whole, was formed in the 
region of glacial deposits, pat tly during the period this great field of ice 
was receding, and partly since it left the aucient Mississippi basin, fat 
the following reasons: When thi^ ice-peiiod was on the increase, its 
southern margin must have been gradaally advancing in this region, 
ornsbing down and planing off the ridges and filling the ravines and 
water-contses with the Mbris not only of the neighboring rocks, bot 
with the great mass of bard rocka and other material bronght from re- 
gions far to the uorth. There! tcgois a probability that much of lbs 
jiresent (Jjiper Mississippi basin had previously been for long ages 
exposed only to erosions of streams and of the atmosphere, so that it 
was probably much cut up and fissured, as we see in regions farther 
west, where no glacial action has occarred, It most have been an easj 
matter then for the glacier to have thoroughly filled up all the vallejs 
and ravines, leaving the surface everywhere of the well-known rounded 
hill and basin forms of the drift regions. Wherever the glacial scratch- 
iugs are preserved, their uniform directions indicate a massive move- 
ment to the southwest quite independent of all influence of underly- 
ing inequalitits. The water which flowed from them would seek the 1 
the first lowest line and excavate its course without regard to the natnr* 
of the older stratified rocks buried l)eneath the glacial deposits, and 
such seems to have been the case, for the valley takes a great variety o* 
courses, running about northward at Saint Panl, due west at KoO^ 
Island, and its directions fill every azimuth in ditterent parts from nortl** 
east around by south to west. To the old stratified rocks its eourS^ 
seems to have no reliition, now cutting across an anticlinal, then ft^^' 
lowing the strike in one direction and again in the opposite oue. 

Sow the tallei/ was formed. — At Saint Paul, on the Mississippi, and i *■ 
the Minnesota above, are the banks of an ancient watercourse wheue*-' 
such higher level than now that the river-bed was the magnesian lim^ 
stone rock, tbe same as that of the Mississippi, just above the Falls O^- 
Saint Anthony. The existing channel of the ancient valley has probiP^ 
bly been formed by a cataract in the graat river, similar to that at Sain ^ 
Anthony. This river is sustaiQcd by the high islands of rock in th*^ 
valley of Che Minnesota, beiug remains of strata once continuous acroa^ 
it. These high islands also exist below in the Mississippi, such as Bari^ 
Blufi^, at the head of Lake Pepin, and the Trempeleau hills. Some o0 
these detached blufi's may have been formed by bends approaching eacb^ 
tter by erosions gradually forming a neck and cutting it off. One such, 

irty completed, is seen in the Dalles of the Ohippewa Kiver. Th( 
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periud wliicli luuat have elapsed iu dohijj tbis work was large, but it is 
probable that the volume of water, (luring the melting of the glaciers 
north of it, was greatly iu excess over that of the preseiit drainage of 
the Winnipeg baain. The period may have been somewhat shortened 
by the new water-fiourse regaining iu places some ancient one, filled 
only with glacial dibriii. 

If we loolt at the valley shown on the map from Lake Traverse to 
Book Island, we eee that it gradually widens and contracts along its 
eonrse, but, as a whole, widens as we descend. It widens where the 
rocks on the bank^ are soft, and narrows where tbey are harder and 
capable of resisting atmospheric erosion, as they are near Dubuque. 
This is iu accordance with usually received ideas, that where the stream 
is confined by hard banks its increased velocity, due to snch contrac- 
tions, may have caused the streams to abrade deeper. It is improbable 
that the ancient river, where it cut its way either as a cataract or in any 
other manner of river erosion, made the valley as wide as we now see it. 
It most probably underwent subseqneut widening from the impinging 
of the currents against the foot of the high b.inks, thus removing the 
dibria falling from the cliffs alwve, as well as scouring away the un- 
broken strata against which it washed. Even now, although the great 
river has disappeared, we see that the valley is still widening in some 
places where the river flows at the foot of the high bias's, although, in 
the great majority of cases, the atmospheric erosions have covered the 
steep, rocky scarps with detritus, which, clothed with vegetation, pre- 
serves them from the influence of the air. Where the river now im- 
pinges against the banks composed of soft strata, we sometimes still see 
its efiect in the fresh cut appearance of the cliff, and are led to give 
greater weight to similar operations in the past, when like forces were 
probably more intense. 

I have selected one (Diagram D) suuh cliff iu the wide part of the val- 
ley below La Crosse, whicli part indicates much widening since the first 
catting out of the river's course. It is ap|iarent that no stream of water 
conld have cut down from C to A B wtiilo the opening D was available. 
Bat if we allow that catar<iGt on the riglit of the diagram represents the 
couditions when the stream began to tlo^ whicb cut the valley, then its 
present course is natural, the subsequent widening bringing it to the 
. state we see on the left of the diagram. 

Gteotogisis of high character have estimated the age of tlio gorge at 
Niagara Frills on the present rates of recessioa, and, tbuugli tlie result 
is nacertain, it indicates the origin to be in recent geological times, 
altbough antedatiug the historical era. In a similar way tlie time 
reqaired by the Mississippi to cut the gorge from Fort Suelling to the 
S^Ila of Saint Anthony has been calculated by Prof. N. H, Winchell 

} Report Geological Survey Minnesota, 1870), on data that makes it vary 
rom 6,000 to 12,000 years, by assuming tliat the forces in producing 
this result have remained uniform during this period. 

That any date in geological time, capable of btiiug expressed in defiu- 
jte nambers of years, can be deduced from existing observations seems 
liighly improbable ; but whenever a condition is observed which may be 
XftKrred properly to the operation of causes now at work, whether of 
Ifceater intensity op less, it is reasonable to regard the worlt done as of 
jreoent geological origin. We cannot neglect this uncertain method of 
drawiug inferences, since it is the best we liave, and we should endeavor, 
lOy continued investigation, to maite more delinite this method of finding 
■"■ftBBknown factor, time. 
Bftnathe Falls of Saint Anthony were at the .junotion of Minnesota 
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Creek, they have receded 6J miles. The Minnehaha Falls^ since that 
time, have receded three-fifths of a mile. Both streams have cat into 
the same formation, starting with the same height of fall. These rela- 
tive rates have been about as 1 to 10. The proportion of the volumes of 
the two streams, judging by their present drainage areas, is about aa 
72 square miles is to 21,000 square miles, or about as 1 to 300. Thatia 
to say, the recession of the Minnehaha Falls has been thirty times faster 
than it would have been if proportionate to the volume. This may be 
accounted for by the greater atmospheric influence at the smaller falls, 
which, examination shows, keeps ahead of the effect of the water, form- 
ing a cave under the fall by the dropping down of material which the 
water then washes away. At the greater falls the volume of water 
almost constantly protects the rocks from the action of the atmospherei 
Hence we must give, as said before, a very considerable influence to the 
operations of the atmosphere in aiding the erosions of small streams, 
and in demolishing cliflfe where the water can remove the dSbris. 

I attribute a more recent origin of the gorge of the Mississippi from 
Fort Snelling to the Falls of Saint Anthony than to that of the Minne- 
sota above the junction. The general map indicates that the same force 
which formed the valley below the junction formed that of the Minnesota 
above. 

The hypothesis which I have heretofore advanced and endeavored to 
sustain, that the loss of the Winnipeg outlet along the Minnesota was 
due to a change of the continental slopes by a northeasterly depression, 
will explain this more recent origin of the Saint Anthony Falls gorga 
This supposed change of slope might have caused a change of outlet of 
the lakes about the present source of the Mississippi, so that the waters 
flowed out on the northeast and, falling into a depression leading south- 
ward, made this upper part of the Mississippi. When we note the great 
extent of the eroded valley of the Minnesota, and also the fact that all 
the smaller streams, like the Saint Croix, Chippewa, Black, and Wiscon- 
sin, have cut through the sedimentary rock down to the granitic or trap 
rocks, it seems improbable that the Mississippi above Fort Snelling, with 
its greater power, should not have accomplished as much if it had been 
as long at work. 

Eegarding the Mississippi Yalley as originating as a whole by the 
action of a stream since the glacial ice occupied its basin, I would note 
that as far down as the island of Eock Island there is no decided indi- 
cation of other than successive changes attending such action, and the 
gradual filling up of the valley by tributary sediment after the great 
volume of water from the Winnipeg basin had disappeared. 

Anomalies of Bock Island Rapids and Des Moines Rapids, — At Rock 
Island the river has left the ancient valley, and below Eock Eiver seems 
lost. We might have supposed that it ended here but for finding it 
again below Muscatine and continuous down to the Des Moines Eapids, 
where it is lost again. Just below, however, we find it again, and it 
then is continuous until it widens out into the broad expanse below the 
junction of the Ohio, although the river again leaves the main valley^ 
without sufificient apparent cause, at Fountain Bluflf and at the Grand 
Chain. 

W^e had not time to study out where the course of the anci^' ' 
was between Eock Island and Muscatine, but at the Des M*^ 
we were more fortunate. 

The following description of this vicinity and Diagr 
the x^oints that appear deserving of consideration. 
The river, as it passes the town of Madison on 
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is there 150 feet high, washes against ablufi'coinposetlof clay ami sand ar- 
ranged in a manner resembling " the ebb and flow stnictnre." Mr. Wor- 
then gives a good description of this formation in the Iowa Geological 
Beport, vol. 1, part 1, page 187. This kind of bluff is seen only on the 
right bank, and extends continuously a distance of about 25 uillea from 
the moath of Skunk Kivcrdown to the point D (see Diagram E), where 
it joins the Keokuk limestone rock just back of Montrose. 

In descending the river from Madison, the river gradually recedes 
torn this blnff ; and a few miles above where Diagram E begins the bluff 
B 3 miles from tho river. A large portion of the iiitflrveuing space is 
KMJupied by a sand terrace, varying from 20 to 50 feet in height above 
lie high water ; the other portion is bottom land, subject to overflow. 

The river, before reaching Montrose, has a width within its banks at 
brdiuary stages of abont half a mile, and the depth of water in the pools 
At low stage is from 15 to 20 feet, the bed being of sand, with no rock in 
place; nor is there any rock in the right-bank blnffs till just below 
Jontrose, where it begins also in the riverbed. On the left bank or 
Illinois side the bluffs are of rock, the same as at the rapids, where thoy 
liave been cut through by the river. This cut begins at Montrose, where 
the river makes a turn at a right angle to the eastward, but the depth 
ftt low water is only 2 to 3 feet, and the width at ordinary stages has 
widened to 1 mile. On both sides of the rapids the rock bluffs rise 
almost immediately from the water. The river on the rapids continues 
easterly about 2 miles, then turns southward and maintains this di- 
rection until all the rapids are passed and for a mile beyond ; then turns 
southwest until the mouth of the Des Moines Kiver is passed, and then 
tnrus southward again. 

The rock disappears on the bed in passing Keokuk ; the water then 
deepens, flowing on a sandy bed, and resumes its width of about half a 
mile between its ordinary banks. On the rapids there are no consider- 
iible or permanent islands, but as you go above or below, yon find them 

I soon as the rock-bed is left. 

At Warsaw, 3 miles below the foot of the rapids, the Oarboniferous 
nicks show in the bluffs, and so does the unmodified glacial drift, covered 
Srith the loess. (See Diagram F.) 

The Mississippi Valley at Warsaw is ab Jut S miles wide ; part of it a 
t»ud. terrace, but most of it subject to overflow. 

1 Proceeding up the Des Moiues from the mouth, we leave the lime- 
Stone strata at the point H (Diagram £), and do not meet with it again, 
either in the river-bed or bluffs, till we reach the point U, where we find 
it Id both places, and thence all along up this valley. 

In this distance between H and G the blnffs are only ou the left banlc^ 

' north side, and the material appears similar to that at Madison or to 
$he loess at Warsaw, shown in Diagram P. If we examine the valley 
of Sugar Creek, wo And the bluff:^ cut down as low as on the Des Moines 
between H and 0, and all of similar material, clay and sand, but no 
rock in place. Nor could we find on any of the branches between A E 
C and D E H any rock in place or learn of any. Within these limit- 
ling lines those who have dug wells fur water find it without reaching 
rock. 

At the place marked K on the sand terrace a well 60 feet deep en- 
pountered no rock, although this was as far down as the level of low 
Water in the river. 

The width of the maiti valley abuve Fort Madison is nearly the same 
^j below Keokuk, aud if we prolong the line of bluff between these two 
plaoefi, it will include a spica between them where there is no known 
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rock in silu, and which it apiwara I'easoiiable represents the ancient 
cbiinuet, since tilled up. 

Tke loess formation. — ^Thia name has beeu giveu iu thia country to a 
fiuG material deposited over all the other formations, iuclndiDg the gla- 
I'lal deposits near the rirer, bat not upon the river saiid and -gravel ter- 
races, which are tberefore the more recent. Itbasathickness of many feet 
in places. It is generally regarded as having been deposited iu quiet 
vater. In many places it is nearly uniform iu thickness, couforniiDg 
"with the previous irregularities of the surface, as snow lies where it has 
not drifted. This would be brought about by a silt laden fresh-water 
current spreading out over one more dense and quiet, through which 
the Que silt dropped. Huch conditions would exist in salt water, and 
the silt would prevent the existence of many kinds of marine life, and 
would contain the animal remains brought from the fresh-water streams. 

The margins of the loess deposit are not well defined, and do noc ap- 
pear to have been iuvestigatod as they should be. The deposit is well 
shown near Bock Island, but does not appear as high up as Dubuqne 
(so far as I know). It extends up the Missouri as far as Bioux City, 
and the Missouri Giver made immense deposits into the body of wat^ 
in which the loess was laid down. From the absence of marine fossils, 
this body of wat(>r has been regarded as fresh and without connection 
with the Gulf of Mexico esoept through an outlnt. Judging from what 
I know of the deposits, I should think it did not connect with our pres- 
ent Great Lakes, and that a tongue of land or promontory separated the 
arms extending up the Mississippi and Missouri rivers. 

The extremes which brought this fine loess material which has been so 
spread out must have brought down heavier material along the bottom 
that fell as soon as it reached the enlarged section, jusb as rivers make 
their deposits of heavy material now on reaching their natural recep- 
tacles. A most interesting case in point is in tho deposits made iu the 
Great Salt Lake in quarternary times, where its terraces show a level 
nearly a thousand feet above its present surface. The streams, like the 
Weber, built ont the terrace at their point of discharge in the fan shape 
of a river-bar up this terrace level near the ancient shore, and extend- 
ing back in the river valley, which must then have appeared as a fiord. 
Althongh the ancient Weber Biver deposit diminished in amount as it 
extended into the ancient lake, it yet terminated quite abruptly. I 
think, then, there ia good reason to regard the bluff-deposits at Fq] ' 
Madison and vicinity, on the west side of the valley, as belonging ( '" 
loess period, and not to glacial times. These deposits are where sti 
would bring them from the northwest, while the glacial deposits 
to have come from the northeast. This fllling up of the ancient i 
of Keokiik and Madison, and also iu the neighborhood of Rock Tsli 
is where the mouths of considerable rivers probably were during 
existence of the large body of water iu which the deposition of the ' 
was made. 

Formation of rapids since tke Loess. — Where the body of water of 
loess period disappeared and the emergencies of the land again t 
place, the Mississippi did not regain its ancient channel, but cut 
new one now occupied. These rapids cannot be accounted for by 
Bpecial hardness of the rocks, but their resistance is increased beoi 
of the dip of the strata being nearly that of the river-slope. When 
river was at a higher level and made the sweeping bend above I" 
rose so as to wash the loess bluffs, but little more erosion would 
been required there to have carried the river back again to its an 
ehannel during some extraordinary flood, and yet it might have 
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tile iiew cbauuel would eveu after tliia remain the permanent one 
lor ordinary stagen. 

Such an esplanatiou as this may be applicable to the cases at Fount- 
ain Bluff and at the Grand Chain on the Mississippi just above the 
month of the Ohio, and to the almost incomprehensible changes of 
course in the lower Ohio itself, shown ou the general map. 

Another interesting supposition may be made that the Mississippi 
in the last terrace period shonld have succeeded in washing down the 
blaffs, separating it near Burlington from the Crooked Creek flowing 
into the Illinois. (See DiaKram 1, sheet 4.) Tlie new channel would 
have double the descent to the mouth of the Illinois of the existing one, 
and we might have gained a new course for the river, leaving a larger 
ancient channel occupied by a smaller stream, and there would have 
been set at work a new cause to modify all the valley of the Illinois 
Kiver and all the Mississippi above. 

Summary of principal poinU presenteii. — I will summarize the principal 
facts that seem to be made out along the course of the Minnesota and 
Mississippi : 

1. That the Minnesota Valley and the Mississippi Valley above the 
Ohio have heen, as a rule, formed since the deposition of the glacial 
drift, for tnis exists in nnmodifled and modified forms in the banks of the 
river, and that the Winnipeg basin drained ont southward along it. 

2. That the loess deposits, extending up to the neigiiborhood of 
Savannah, are later than the last glacial drift. 

3. That channels like those at the Dos Moines Kapids and river ter- 
races in that vicinity are more recent than the loess. 

Explanatory hypotlimes. — 1 have advanced this hypothesis of alternate 
Boathern elevation and northern depression several times before and 
illnstrated its efl'ect on the Minnesota and ou the Wisconsin Biver, 
and In the first instance considered what the results would be in con- 
ttgnons regions, and bow far facts seemed to correspond, so it will be 
ttuneoessary to repeat them here. 

The hypothesis appears to be in accordance with a number of very im- 
portant facts, and is consistent with observations as to southern eleva- 
tion and northern depression now going on. It explains, by one widely 
exerted influence, many effects which, ou the grounds of glacial action 
alone, requires many special glaciers, and it will answer as an explanation 
of the coming on and disappearance of the loess body of water, and for 
the change in the drainage of Lake Winnipeg. If we can show that any 
movement of the earth's crust is a recurrent phenomena it may help us 
to trace ont its cause. 

Approximate practical conclusions. — The only conclusion which can be 
drawn from the preceding discussion seems to be that the origin of the 
exearatiou of the valley is comparatively modern, and that it was from 
tlie operation of forces producing probably uniform results, and in a way 
that we have some approximate comprehension of it in general, from 
Aor knowledge of special localities. 

Seetionaofbestknownparisofthevnlleyinreffardtodeptko/bedrock. — ^The 
following-dGscribedtransversesectionsof the main valley with three taken 
, aOPOBS tributaries just above their junction with it give all the positivedata 
wehave in regard to depths to bedrock. They are shown on Diagram 3. 
On these the high and low water levels are shown, but it must be kept 
io mind that the high water lasts but for so brief a period that it does 
.not prevent trees from growing over nearly all the bottom-lands. The 
fifliortness of the time of high water not oiily prevents much erosion, but 
Iho presence of the trees greatly retards the flow of the water, and makes 
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ilB currents more geutle tUaii in the ordinary liver-cbannel. Where Ihe 
bed-rock baa been reached on all rivers in this coutitr;, it is overlaid by 
many bowlders, indicating the swift currents which moved sncli roeka 
along at the period of greater erosion. Tliese bowlders sometimes form 
a stratum several I'eet deep, and often prevent boring-rods from reaching 
the bed-rock, but whenever they are thus found to be close together tley 
indicale that the bed-rock is not far beneath. 

Ho. 1 is at Big Stone Lake, about 3 raitea above the outlet. The width 
of the lake is about 1 mile; the width between the blnft's is about 1^ 
miles. The depth of the water is about fi feet; the rise from low to 
high water, 5 feet. The blufl's, banks, and bed of the lake are in tlie 
drift formation. The depth to bed-rock was not ascertained, bnt it ia 
believed to be but a few feet below the present bad, as rock appears in 
the valley at the lower end of the lake. The rock is granitic. No rout 
in situ was found in tbe bluQs or ravines. 

No. 3 is a section 150 miles below No. 1 and 1 mile billow Ihe moutli 
of the Blue Earth River. The river here at low water is SUOfeotia 
width. The rise from low to high water is about2S feet. The depth to 
rock is not known. At time of high water it reaches from bluff to bluff, 
a distance of 1^ miles. The lower 40 feet of the bluff is a soft sandstone 
capped by maguesian limestone about 40 feet thick, and this ia covered 
by drift. This sandstone ia called by D, D, Owen, Lower or Potsdam. 
It is very friable, and when exposed is rapidly eroded by atmospheric 
changes. 

No. 3 is near the mouth of Minnesota River, 73 miles below No. 2. 
The valley hereis about three-quarters of a mile wide between the blufta. 
The high-water river extends from bluff to blufl'. The low-water width 
of the river is 350 feet, the depth 12 feet, the rise from low to high water 
22 feet. The depth to bed-rock is not definitely known, but is more 
than CO feet. The bluffs for the first 80 feet are of soft friable saiidstona 
capped by about 15 feet of hard magnesiau limestone, and above this 
from one-quarter to one-half mile from the river with drift from 50 to 75 
feet in height. The base of the bluffs on this section and in the lower 
part of the Minnesota Valley are protected from erosion by the limestODe 
that has fallen into it, the sandstone being washed away from beneath it. 

No. 4 is a section across the valley one-half mile below No. 3, and be- 
low the junction of the Mississippi and Minnesota. The low-water 
width of the river here is about 700 feet, and the high-water width from 
bluff to bhiff about IJ miles. The rise from low to high water is abont 
22 feet. The character of the rocks composing the bluffs and their 
height are the same as in section No. 3, The increased volnme of water 
carries away the greater jiart of the soil at the foot of the bluffs, so as 
to leave but little except the debris of the limestone fallen from above. 

No, 5 ia a section of the valley of the Mississippi Itiver immediately 
above its junction with the Minnesota Kiver. The river occupiea nearly 
the full width between the blnll's, which are less than 1,000 feet apart. 
The bluffs rise almost perpendicularly from the river, so that it ia difS- 
cult to find an approach for a carriage-road. The character of the roclc 
composing the bluffs is the same as that in sections 3 and 4 and at 
Falls of Saint Anthony. The sandstone in these three sections is called 
the Saint Peter's sandstone by Owen, or No, 3 of the ascending series 
of the Lower Silurian age, the Potsdam sandstone being No. 1, It is 
the same as the upper sandstoue, or Saint Peter's sandstone, of Hall 
and Worth en. 

No. 6 is a section of the Mississippi Valley at Hastings, Minn., 26 
miles below section No. 4, The river here at low water is about OOQ^ 
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feet wide; at time of liigh water it extenda Irom bliifl' to blufi', nearly 
1 mile. Tlie low-water depth of the river is about IC feet. lu drivJDg 
piles for tbe raitroad-bridge no rock was struck, so that tbe bed-rock is 
more thau 40 feet below low water. The rock appeals on the right bank 
at low water, and rises as you leave the river ; 1 mile from the river it is 
about 130 feet high. In the opposite binff no rock was seen, bnt it ap- 
pears a short distance up river. The blutfs are steep, and are from 120 
to 200 feet high. The rock composing the bluff is a magenesian lime- 
stone, too porous to make a good building-stone, but still a hard stone 
that withstands atmospheric changes well. The tops of the bluffs are 
covered with drift of varjing depths. 

No. 7 is 42 miles below section (J and near the lower end of Lake 
Pepin. The width of the lake Is about 2^ miles, and the width of the 
valley is about 3 miles. The low-water depth of the lake is about CO 
feet. The rise from low to high water is 17 feet. The bluflfs are about 
400 feet high ; the lower 200 feet is of Potsdam sandstone and the upper 
200 of magnesiau limestone. The base of the bluffs ia protected by a 
taluB of magnesiau limestone, which has fallen from the bluffs above. 
The depth to bed-rock is not koowu. 

5To. 8 is a section of the valley near La Crosse, Wis., C2 miles below 
section No. 7. The low-water width of the river here is about 1,300 
feet, the high-water width is about 4 miles. The rise from low to high 
water is about 16 feet. The valley from blult' to bluff is about 5 miles 
wide, about one mile being occupied by a sand terrace above overflow. 
The rock of which the bluffs are composed is a soft sandstone (Potsdam) 
for about 320 feet above low water, capped with 15 feet of magnesiau 
limestone. The depth to the bed-rock in the valley is not known. In 
building the railroad bridge at this place, piles were driven to a depth 
of GO feet below low water and no rock struck. 

No. 9 is a section of the valley at Prairie-du Chieu, Wis., 56 miles 
below No. 8. The low-water river here ia divided by an island into 
two channels with a total width of 1,800 feet. The rise from low to 
liigh water is about 22 feet. The width of the river at high water is 
almat IJ miles. The whole width of the valley is about 2J miles, IJ 
miles on the left or east side being occupied by a sand terrace, upon 
which the town of Prairie-du-Ohieu is built. The bluffs from the first 
165 feet above low water are of magnesiau limestone, the nest GO feet 
of a soft sandstone (upper or Saint Peter's), capped by 17o feet of mag- 
nesian limestone, covered with drift of varyiog dejitha. Tha depth to 
bed-rock is not kuown. It is probably iu excess of 50 feet below low 
"water, as it has oot been struck in driving piles iu the river, and sjmo 
!□ the deepest water must have reached nearly to that depth. 

No. 10 is a sectiou of the valley at Dubuque, Iowa, 55 miles below 
No. 9. The low-water width of the river is ahout 1,700 feet, the high- 
water width of the river ia about 1 mile, and extends from bluff to bluff. 
The rise from low to high water is about 20 feet. Tbe depth of the low 
water is about 16 feet. The depth to bod-rock ia not known, but it is 
greater than 4 feet below low water. The bluffs are of limestone, about 
:SoO feetiu height. This limestone is known as the Galena limestone. 
It is dolomite, being composed of nearly equal parts of lime and mag- 
nesia. It is a hard stone bnt not uniformly so; some parts eroding more 
Irapidly than others give. the bluffs a castellated appearance. In the 
crevices of this formation nearly all of the lead of this section has been 
found. The want of homogeneity prevents this stone being much used 
fi>t building purposes. The base of the bluffs and the river banks are 
completely covered with the ilebrin from the bluffs, The peculiar fea- 
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tuvB of tbis section — its narrowness — aiay be dne to the resistance! 
the rock to erosion. 

No. 11 is a section of the valley at Rock Island, Illinois, S3 miles be1o4 
No. 10. TherirerisheredivideAinto two channels by the island of Ro*" 
Island ; the whole width of the river is 2,800 feet. The low and hig 
water widths are nearly the same, the banks rising nearly perpendic 
larly. The rise from low to high water is 16 feet. The bed of the rive 
the island, and lower part of the bluffs are of limestone, somcwb 
hard and much fractured. The tops and aides of the blnffa are corer 
with drift and loess. The whole width between the bliiffa ia about 3 
miles. Tbis section is across the vallpy near the lower end of Uock 
and Eapids which extend from LeOlaire, Iowa, to Rock Island, a Um— 
tance of 14 miles. The bed of the river throughout this distance ia of 
limestone of the same character aa at this section. No. 12 ia a section 
of the valley at Burlington, Iowa, 65 miles below No. 11. The low-water 
width of the river here ia about ^,500 feet, tlie high-water width is from 
bluff to bluff, a diatauce of nearly 5 miles. The rise from low to high 
water is 20 feet. The depth to bed-rock is not known. Piles driven for 
the railroad bridge did not reach rock except for a short distance from 
the west shore. The bad-roak must therefore be m ^re than 40 feet below 
low water, as piles in 10 feet water were driven 30 feet or more into the 
saud. The blufl's here are 100 to 150 feet high. The lower 30 feet of 
the blaff on the right bnnk is composed of sandstone and green shale, 
referred by Hall to the Chemung group of New York. It is soft and 
erodes rapidly when exposed. This is capped by 100 feet or more of 
Burlington limestone. In the opposite bluff no sandstone is seen, the 
Burlington limestone only being exposed. Its height is about 100 feet. 

No. 13 is a section of the valley at Keokuk, Iowa, 40 miles below Ifo. 
13. The low-water width of the river is 2,600 feet. The bigb-water 
width is from blnff to bluff, IJ miles. The rise from low to high water 
is 22 feet. The bed of the river is of rock thronghout. It ia a oherty 
limestone, which resists erosion becanse the dip of the strata corresponds 
closely with the slope of the river. The blnffs are from 100 to I.jO feet 
high. The bluff on the right bank is 150 feet high, the first lUO f egt_ 
above the river being of limestone capped by 50 feet belonging to ' 
coal measures overlaid by drift. The bhiff on the left bank has the m 
limestone but no exposure of rock representing the coal measares. Tfl 
section ia near (he foot of Ues Moines Rapids, which extend up to Ma* 
rose, 11 miles above. The bed of the river throughout tbis distano 
rock of the same character as at the section. 

No. 14 is at Quincy, 111., 32 miles below No. 13. The low-water vii^ 
of the river is 3,000 feet. The high water witlth of the river is absat| 
miles. The rise from low to high water is 20 feet. The depth to bed-r« 
in that part of the valley occupied by the low-water river is from 40 toi 
feet below low water. The width of the valley from bluff' to blaff] 
about GJ miles. The bluff on the right bank is about 100 feet high/ 
mountain limestone, eovered by drift of varying depths ; that on the r 
bank has 100 feet of the same formation capped by 30 or 40 feet ofdi 
The depth of the bed-rock is taken from the report by Mr. T. 0. UlarJ 
civil engineer, chief-engineer of the Quincy railroad bridge. ' 

No. 15 is at Louisiana, Mo., 4 miles below No. 14. The low-wat 
width of the river is about 3,200 feet. The high-water width is from bM 
to blnff, or 5^ miles. The rise from low to high water ia 20 feet. IX 
depth to bed-rock was furnished me by Mr. B. L. Corthell, chief engiae 
of Sny Oarte Levee Company. The greatest depth on this section bel 
k)W water is aboat SOfeet. It is not improbable that this depth 
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from 10 to 20 feet ebort of betl-rock. The boriuga for tbis sectiou were 
made with a seveueigUtb-inch disiiiieter rod, jointed in leugtbe of 10 
feet, and forced down by manual labor, men turning and tbrnstiDi; al- 
ternately by means of handles secured to the rod by set-screws. The 
lower end of the rod was armed with an auger point, makiug one tnru 
or thereabont?. Tbe blnff on the right bank is about 3U0 feet bigb. In 
this bluff we have rocks of tbe Upper and Lower Silurian, Devonian, 
and Snb-Carboniferous ages. In tbe opposite bluft' tbe same, except tbe 
Ijower Silnrian. This npheaval or tilting up of the older rocka continues 
to Cap an Gris where tbe npper or Saint Peter's sandstone forms a bluff 
of more than 100 feet in height. Immediately below Cap au Gris i^ a 
"downthrow"; all of tbe older formations disappear and we have a bluff 
oompoaed wholly of Sub-Garboniferous limestoue. 

No. 16 is at Saint Lonis, Mo., 86 milea below No. 15. Tbe low-ivater 
width of the river here is about 1,500 feet; the high-water width of tbe 
river is about 6 miles. The rise from low to bigb water is 41 feet. Tbe 
greatest depth to the bed-rock, as determined in that part of tbe valley 
occupied by the low-water river, is 90 feet. The width of the valley 
between the main bluffs is about 7^ miles. On the right bank tbe rock 
appears at the river's edge at low water, and rises gradually to a height 
of 100 feet; above this tbe drift or loess is in varying thickness from 20 
to 60 feet. Tbe rock is a hard limestone. Ou the left bank limestone 
is found to about tbe same height, overlaid by drift or loess. The east- 
wn part of the valley on this section is the great American bottom. 
Most of this is above the usual high water; extreme bigb waters, how- 
ever, overflow the greater portion of it. 

Ho, 17 is a section of tbe Mississippi Valley at Fountain Bluff, III., SS 
miles below No. 10. Tbe low-water width of the river is about 2,600 
feet; the high-water width is about 3 miles. Tbe rise from low to high 
water is about 44 feet. The bluffs are 200 to 300 feet high. The river, 
except at times of high water, flows between tbe main bluff on the right 
bank and Fountain Bluff*. Fountain Blnfl' is an isolated bluff' standing 
in the valley; it ia about 4^ miles long and If milea wide iu its widest 
part. The lower 50 feet of this is of limestone, capped by upwards of 
SOU feet of conglomerate of the coal measur^. Tbe bluff' ou the right 
bank is of the same formation, but not so high. Tbe bed of tbe low- 
Trater river is rock. In that part of tbe valley between Fountain Bluff 
and tbe main bluff, east of the Big Muddy Biver, tbe depth to bed-rock 
is not known, but it is believed to be fur greater than in that part occu- 
•pied by the low-water river. The main bluff' on left bank is of limestone. 
immediately below this section an " upheaval" brings rocks belonging to 
the Upper Silurian age to the surface. "Devil's Oven," "Grand Tower," 
and "Back Bone" are of these rocks. 

Ko. 18 is at Commerce, Mo., 35 miles below No. 17. The low-water 
width of the river is about 700 feet: tbe high-water width is from 
bluff to bluff about 3,400 feet. The rise from low to bigb water ia 48 
t^t. The bod of the river is of rock from bluff to bluff ; rock rises above 
low water except in tbe low-water channel. These bluffs and the bed 
of the river is a limestone belonging to the Lower and Upper Silurian. 
Tbis section is of special interest by reason of its narrowness. The dis- 
tance between the bluffs is less here than at any place between Lac 
Traverse and the mouth of tbe Ohio. An opening in the bluffs on tbe 
right bank between Cape Girardeau and Gray's Point,, some 5 milea 
above this section, leads tbrongb to tbe Whitewater Hiver. This open- 
ing, some 3 miles in width, before the building of a levee across it, 
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carried off a portion of the flood-waters of the river. In 1844 it was 
overflowed to a depth of 12 feet. 

No. 19 is a section of the Missouri Valley at Saint Charles, Mo., 
where the river deboaches into the Mississippi Valley. The low-water 
width of the river is about 2,000 feet ; the high-water width is aboat 
2 miles; the rise from low to high water is 40 feet; the depth to 
bed-rock in the part shown is about 75 feet; the width of the vallej 
from bluff to bluff is about 2^ miles; the rock in the bluffs for 50 to 70 
feet above low water is of limestone. This is capped by from 40 to 70 
feet of drift loess. 

This section of the Missouri was furnished by General 0. Shaler 
Smith, civil engineer, chief engineer of the Saint Charles Eailway bridge. 

No. 20 is a section of the Illinois Eiver Valley, about 5 miles above the 
mouth of the. river. The high- water width of the river is about 2 miles; 
the river between low and high water is about 39 feet ; the width of the 
valley between the bluffs is about 2J miles; the bluffs are about 150 
feet high and of limestone. 

Contour map of the sources of the Mississippi. — We have prepared a 
small contour map of this region, using all the available determinations 
of elevations above the sea. It would take considerable space to acknowl- 
edge the sources individually ; the large collection of this data made by 
Mr. Gannett, member of the Geological Survey of the Territories, has 
been particularly useful. But the drawing of the lines has been mainly 
the result of our own knowledge of the region. Contour lines are givea 
for each 200 feet from 600 feet up to 2,000 above the sea-level. The 
object of making this map is to show the important position in this 
system of contours occupied by the Minnesota Eiver. 

We have also prepared a table giving the area drained by each trib- 
utary of the great valley down to and including the Ohio. This will ^® 
found useful for many purposes. As a matter of interest to the curioUSi 
it may be noted that if the area of the present Lake Winnipeg basi^ 
be added to that of the Mississippi, above the junction of the Missottf^' 
it will about equal the area of the basin drained by the Missouri. 
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CHAPTER III. 

3ENERAL Presentation of Eequirememts and Advantages op 
Western Eiver Navigatkin. — Necessity for Wide, Cleas 
Spans and High Bridges; and a Discussion op the Data on 
Upper Mississippi foe Determining Headway under Brid(JE3. 

elirainary remarks — How steamboata are ctioHlrnoted — ^NaceaBity for higii pilot- 
boDSee— Height of cbiiuDey a — ^Table of dimeneioDB of steamboatg — Bar^e transpor- 
tatiou — Rafting — General remarkH^ Know ledge of TarjinBHtagea important — Gango 
data Dsed — Gauge obaervatioas at Saint Lonia and Rock Island compared fur d period 
of sixteen yeare— Gange observations at Saint Lnais, Qnincy, and Rocli Island oom- 
pareil fora period of eigbt jears. HkadwayundbrBridces: Ist. Saint Lonis tables, 
&o. — 2d. Rocklslaod tables, Ac. ; comparisoD of conditions at Saint Lonis and Rock 
Island with regard to lieadwaj— 3d. Quinoy tobies, &c. ; comparison of conditions 
at Saint Lonis and Qaincy with regard to headway — 4th. Dubuque tables, &c.; com- 

Biriaon of conditions at Saint Louis and Dabuque with regard to headway — 5lb. 
ther placee on the Miesissippt where gauge observationa have been made— General 
miefor equating bead way at places having different ranges from hiirb to low wat«r — 
Table of ranges m)ni low to high water on the MIsaiBsippi, Ohio, and Missouri Rivera. 

Preliminary remarks. — When the bridging of tUe Ohio River at WLeel- 
pg was completed in 1S49, the bridge was to meet the waots of a public 
iigbway (the "National Road"). The railroad system of the United 
ItateB was then in its infaucy, and the canal systems of the country 
Sere approaching their highest development. Compared with laud or 
nnal transportation westof the Alleghany Moantaius, that of the steam- 
Ktats was speedy, commodions, and luxarious. 

The shallowness and other peculiarities of the Western rivers had 
leveloped a class of steamboats unlike anything to be found elsewhere, 
ind admirably adapted to the conditions in which tliej were employed, 
nd which, to a great extent, still exist, and will continue to exist, 
Ithough in a large part of the Mississippi Basin (where rapidity of 
ransit from place to place is required) they are now of less importance 

I an railroads. 

Sow steamboats are eonstructed, — As essential to the full benefits of 

lis navigation, the hull of the vessel must be lightly timbered, broad, 
lat-bottomed, and but a few feet in depth. This shape is rendered nec- 
Bsary by the shoalness of the river at ordinary low-water stages. In 
ractice the deck rises but a little above the water, varying from a few 

[ches to tea feet. 

The boilers are high pressure, of horizontal tubular form, with flues, 

K~ d are placed side and side on the main-deck. The boiler-deck next 
ove is laid at as low height as will give proper free space above the 
lOiler and also allow room for storing fuel and the bulky freight which 
Brms nrnch of their cargo, 
The means of supplyiu? fuel has been an important factor in the con- 
traction of the Western-river steamboats. (Jordwood suitable for their 
was at first everywhere to be procured along the banks. Its bulk 
eqnired considerable room for storage, conveniently located with refer- 
nce to the boilers, to be readily used, and also to be easily taken on 
loard from the banks or from scows alongside. 
Coal is rapidly taking the place of wood, but it requires nearly the 
ime arrangements ; for although taking np less room, its weight re- 
mires it to be frequently renewed, and moat of the boats run upon rivers, 
r are liable to, where wood must be used. Therefore grate-bars are 
enerally adapted to the use of both wood and coal. Where the coal 
8 sulphureons, coal and wood are used together. 
S. Ex. 60 3 
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Tbe eaMm ifor |pia«H{m{!«r«i. dMivwmill ^ tDu«- ^uRmumsMtedk^ ewfg next 
abome the toiUkn'tAmik^ .mifi iif <ii!' ^uBktiMici ibnir&jc: ia-tsmmf»mt mnd Testi- 
kitaooL ABMme itikif iiuntitatm-^&iiii^ ih^ iaiMiiij«ir •tttiinii (CidliNi — the tcxaA,* 

K of TCBj £3itsKr iiiu^iimiKUut;. .Mui; Hut- u^tHiuii*^ i«ir lir wM IWr isffiYa. The 
duuHik '«(f' iWtsiit truiMT^ wff :iiU 3ibf airtiH* it^UMOiz:!! !!;£:. :mfl «iiilStr m poritioo 
oae MsuMMB ^iriitili i«uiniiiw;. «v iciiia iiut- ^iliiMt liia^^ 3f«» fiuii nftie tea vater bj 
fimg (Off ttte limfiicMitiiiiii^ «iiu ixoi^ WKnUistf mtbAt Imt miiaiiljrDBjg^ AimIb or 
otKiirKitaintt. IMk tcmi luullf iW <A«akf -in •dii5ilii;^^.Miii m mAtst to rui at 
■ij^liiL ttikib foUfJtt iiivMt 3ik^ ftmntortorto iiiit iLt <dkiQr-3niiM; a» te Ids |;ude 
aiitiHr tftarlL. 

A ^^PcsHt aoDMnnrt <fvf inea^ ikmo^viM^ ii^ ifliss iwmniiMj to pilots on 
R^moSar loKS ttif .«dieicm:iitdiii&« ^wHacikt sim Jut nd^itkii. In tibM dei^ssed pod- 
tMB xBue jinAflt i» <Biwiti)ikid 1ii» ttie ^vncjDI joMuitdl ftos ftmsff.. aneiB as veO 

tlDfe ^iraitier masrSmot ii« iiMit •«itoeantid ibnr miiBts: eMmaBaakAs a tatter liew of 
liH* fftMvpec aatd 'V^^wslsi m§Mm n wMxsk junt Ms^ nkiirte m tte aigfrt; sad 
is <oift«EU ifoir iBunke ibciniins mmaBiAe t&» «(ie Hiwitir sftie moa» mamg firoai the 
sra»t«raif^ Ite xiieir ifinwn tibe suixd tdaed^aiDdl Ikfcmr fiairttisf Aerenel 
liai: teKsu !lHHt« Xaaij tonrs; lOif 3ttT5j:!a&ik«D .aine tikas saned aad delays 

Et^tt iSB.'it^ •dtt^ieuite i^i«B nflH* ^i£k)<r. siSKl lk» kuMmdM^ aad skfll, so 
1ikis:t T3uft ^tsktr^asitii. pmSMiii •off like folidtt-iKMttie » estttmimaL Bat not only 
tid& iftue iriicfle 'Snaa^jpeaBciirt •of liLe ^miut is ^Ske^^^aieA 10 fadlifate the 
fiiH'>;*f <o«nnusakd •orcr iier mo^nenDeoii^ 

JLO i:be Bkdc^irifeCftil !bicia>t« itaT't* iitfiaraTie (^^[niiKts inr iftaeh paddle-wheel, 
ti9 \\ft iL«t«d fsrn^T jff like jck-«r luaj dinwTL siimI ^kiUs as« amnged for 
lilui t((» fa,p»J Tx> iht '»i^:ixKi«r& ^^HDaaiElT ticw t^MBftSxaSiEd to aMlmit of 
moij k-r^-edii^ -ctf tbe pkik<tHbtn»e ti^ pia» niiDdu- a ^w^d^. widioat liability 
<xl' defsnrtn'iii^ t^ cierULLDty of itoir iiikd5ica2»Hik&. any luaatiapietation of 
vlikdi mi^Sn dtefJCroT tIh? Tesnd a^ -ciEkcie- 

Tbe «0i^ irtoel«i aire }4aoed i&r afL 10 Caoliiraite tlie kandting of the 
Ikw.!, iLtHl Tiarr inde mdckTS aiv «rapk»T«d. Ssnnnii-wbei&l toaSs are mach 
kiMi itiai3«g«ab]e tkaa ti>e oti>eirfv f x«iei|iMi m tovin^. axid lAcie, by means 
of n*i/tf^ in*m tiie mg: W ibe *^ toirr ciiMB^KnisasaKKi i$ made for having 
bDt i»ije pa^ldle- wheel. 

Tbe bctau rnnuing on the Ohkk to Kt^sbair^ in l^ls? iad j^lot-bonses 
aWuT IS feet ai«i»ve t.he wMXer^ aad tbe leniith of ibe boats was about 
23^ ftiei. In ortler to a^ffuid proiMJCiiooalUlT oMBmaadiag view to tbe 
piJMt on }mm\» <%f i^reater lenptii, tbe pilot-boiasiets^ wonM have to be in- 
cteA^ivd in ibe titdnie ratio* i»ot that one oi oM fret length would require a 
bei|:bt of about i%i ttycU Tbi« i» aWnt ibe atcunal ooaaditiona of existing 
praeiiee. 

The Tboiujifiicjin Dean, a tsUiSnt Lic»ni$ and ^ew Orieans packet, being 
300 ftrt )ong« fOf> of iJiilotbouM? <t»r ft<^\ above waiter: $»Mne few feet of 
tbiii in exi'tMM of ihii* rtino (made for ornament ^ mi^t be dispensed with 
wiihont pr4etie;4) injary, 

H^ if lit t-r" tJkimmtil*. — In all Ibe praetiee, until verr le^wntly, tbe reliance 
for dniQ|*hi In t ht9 furnai?«iji ha« bi^n tbe efleet jvodoo^ by high and large 
ebimneya. If waA abown in the iiun airain^il ibe Wheeling bridge that 
Ihe ehiaineyii eould not be aborieuei) witboni k^s of power and speed, 
and thai attempu to euip)oy idiortor pipe« and blowers has been made 
and failed. 

Where Ihe naviifatlon haa never been ol^lrueled by bridges interfering 
with the height of ebimneya, tbia praetiee^ founded on experience, has not 
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been departed from. Besides giving draaglit, tbe sparks coming oat at 
such great height fall overboard or are cooled, so as to not engender 
tires wben falliDgon the decks, as they would with low chimneys Chim- 
neys of boats on the Ohio in 1849 were near 80 feet above water in some 
cuses; their diameter was not less than o feet, and their weight near 
two tons each. 

The height of chimneya increased as the boats were built larger, till 
nn the James Howard, in 1874, the chimneys were 104 feet above the 
water, and those of the Great Republic were said to be higher. 

The navigation interests on the Upper Mississippi seem willing now 
to concede that if the bridge is high enough to allow the pilot-houses 
to pass under it at high water, the experience they have had in shorten- 
ing their pipes and adding blowers will enable them t^ make pipes that 
shall extend only 8 or 10 feet above the pilot-bouse of such size iis to be 
easily lowered. The pipes must be at least this high above the pilot- 
house to prevent the pdot being interfered with by the smoke. 

Tables of dimensions of steamboats. — Tbe following tables, giving the 
heights of diflerent parts of different vessels, are taken from the report 
of the Board of Engineers on the bridges of the Ohio Biver and the report 
of the Board of Engineers on the Saint Louis bridge. The former is con- 
tHinett in Annual ReportCUief of Engineers for 1871, page 448, the latter 
ia Annual Keiiort Chief of Engineers for 1874, vol. 1, pp. (i48, C49 : 

yamrt and liimcwiiims af some of the largest boats employed on the Ohio Rivei' above Ciii- 
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refiuer.v and elevator, above the b 
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Among the above-named boats the Fkil. Sheridan bas run as a reffl 
lar packet between Saiot Louis and Saint Paul, but those best adaptol 
to the trade are of the size of the Lake Superior. 
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'. Tbe foregoing is iutended only aa a general presentation of the qnes- 
tion of steamboat navigation with reference to bridges on Western rivers. 
1 would specially call attention to the reports of tLe two boards of engi- 
neers jnst quoted from, as giving mnch more complete presentation of 
the subject in the special cases treated. 

£arge tranitportation. — At tbe time the Wheeling bridge was built, in 
lSi9, the system of transportation of coal down stream from Pittsburgh 
"by means of large asaemblages of flats and barges, pushed and guided 
l*? tugboats, had not come into nse. A draw space of 2O0 feet between 
tbe piers was considered sufficient provision for all reijnirements, and 
eome thought that 100 feet was ample. 

Tbe barge system bad, however, come into important use by the time 
tbe Steubenville Bridge Company made efforts to obtain legislation in 
iCougress authorizing a bridge across the Ohio Biver. A width not less 
;than 300 feet in the clear was established by the law, but the coat navi- 
f^ation interests strove to secure not less than 500 feet. This width is 
only needed by the heavily- loaded descendiug tows. Only the empty 
barges are taken back up stream, and less width is required for them. 
Subsequent laws of Congress require spans of not leas thiin 400 feet in 
the clear on the Ohio below the moutb of the Big Sandy Kiver, and one 
biidge is just fintslied in a bend at Cincinnati giving a clear span of 
BOU feet. 

The necessity for wide spaces for barge navigation is very great on 
Western rivers. In the first place, the navigable depth of water is so 
Kttle, that the surface of the submerged parts of tie hull of the tug 
have but little hold upon the water compared to the large surface ex- 
posed to tbe wind, and is, therefore, more aflfeeted by the winds than 
vessels navigating deep water. The tugs and barges have flat bottoms 
iand no keels, and slide easily sidewlse. Ac shoal places the vessels 
l>arely float over the sand-bars, and this proximity also seriously affects 
the steering of the boat. 

On account of shoals and winds, and sometimes on account of eddies 
bnd oblique currents, the vessel or tow can only be kept on the proper 
course by being held somewhat obliquely to it, thus occupying space 
more than the mere width. In towing, the object is placed well in front 
of the tow-boat and rarely alongside, and where there is an odd number 
of barges towed, or other inequality wbich prevents equal parts being 
placed on each bow, this inequality is regulated by varying tlie obliquity. 

In considering the passage of vessels with tows between piers or 
around bends of the channels, this arrangement must always be kept 
in view. 

The barges are arranged three, four, Ave, or more abreast, and as 
many in number behind each other, firmly lashed together. Behind 
these the tug is placed, sa'tably attached, The sizes of these tows de- 
pends only upon the width and depths of the river chaunelm where 
bridges do not interfere. Bridge openings should therefore be propor- 
tioned to the size of the river, Aa extreme cases, we have on the Lower 
Ohio and Mtsaissippi coal-tows of as tiigh a number as 32 barges, con- 
veying 539,000 bushels of coal, and it is proposed to make up large 
grain barges into fleets at Saint Louis, carrying 100,000 bushels of grain 
and more. On the Upper Oliio the coal fleets are made smaller, the size 
depending upon the stage of the river. On the Upper Mississippi very 
large fleets of light-draught barges are practicable if it were not for 
the draw-bridges, an is shown by the large size of the raftjj. It is not 
^ying too much that the inland system of transportation practicable 
on the Mississippi and its tributaries furnishes a means of moving great 
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On none of the Western rivers bas nature prepared such a clianuel of 
navigation as upon the Mississippi above the junction of the Missoari. 
Its gentle slope and current, clear water, freedom from snags, limited 
range of height of fioods, all render its navigation easy ; and its condi- 
tion is expressed to the eye of the traveler iu its aspect of beauty. Its 
very gentleness has led to its being bridged with very trifling structures, 
which a turbulent stream like the Missouri would not suffer to stand. 
7he latter has exacted much better bridge constructions on the average 
than those existing on the Upper Mississippi. 

The navigation of the Upper Mississippi has a much more esten- 
flive interest than that represented by Saint Louis and the Upper Mis- 
sissippi, considered by themselves. This navigation is but' a part 
©f a system which includes the whole Mississippi basin, the Ohio, the 
Vissuuri, the Illinois, &c. The vessels which navigate the Ohio should 
be allowed to carry their loads to Saint Paul as well as Saint Lonis, and 
any stmcture which compels a change of character of vessel on the 
opper and lower sides of it, or a breaking of bulk, is simply an obstruc- 
tion to navigation of the character of the rapids at Louisville, at Keokuk, 
stnd at Hock Island, which tbe government is spending large sums to 
remove. 

In view of the probability that there will be before long a necessity 
for rebuilding some of the present draw-bridges at least, and aubatitut- 
ug high ones, I have thought it proper to present the gauge data I 
lave been enabled to get aftecting tbe question of height of bridge 
frhen draw-spans are omitted, and discuss the question of headway 
Bnder bridges. This has never been done, or even practicable until re- 
Sently, for want of observations. This subject will form the remainder 
!)f this chapter. 

Knowledge of vari/ing stages important. — The surface of the water of 
(he Mississippi is generally rising or falling, with occasional periods 
when it is stationary, and a knowledge of tbe annual average duration 
Df these various stages is one of the important factors in considering 
ihe effect upon navigation of bridges of different heights at different 
places. 

Gauge data used, — With the view to gain this knowledge we have ob- 
lained the most important coiitinuoua gauge- readings along the river, 
*;om the earliest records, which were made during the period between 
.860 and ISTti. 

This period does not include any very remarkable floods, such as 
hose of 1828, 1851, and 1858; but in some places it does the reuiarka- 
)le low waters which occurred in 1363 and ISfil. 

Id tbe following presentation and discussion, records of gauge-read- 
ings have been obtained and used in oumpariaon — 

At Saint Louis, from Jauoary 1, 1^1. to Ducember 31, 1^76. 

At Qamof , from Jauuary 1, 1BR9, to Uecember 31, ISTO. 

At Rook Island, from Jaouary 1, 1661, to Deoembar 1)1, l^li. 

At Clinton, fcom October 17, ld66 and 1867, wbile rirer was open. 

At Dnbaqae, from May 1, 1869, to December 31, 1976. 

At Prairie du Chien dnrinj! Irifi7, '68, '69, while river was open. 

At Winona, from October 4, 1866, part of 18lT7, ood 1868. 

At Saiat Panl daring 1867, '68, '69, wbile river was open. 

The observations at Saint Louis are kept at the expense of that city, 
lart of which were furnished us direct, part were derived from the re- 
tort of tbe board of engineers on the Saint Louis bridge, and part 
broagh tbe assistance of Maj. O. J. Allen, United States Engineers, ia 
general Simpson's ofUce. Those at Qitincy were obtained from Chicago, 

>arlington and Quincy Hailroad Oompany, through Mr. W. Beokwitb, 
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ntipprinreniifsir. it' ')r.iit:e?i. T!it)8e xz Riick Lfiantl ire ±qeil obaerva- 
rions »r :lie )iil iriltre .•ompiin'r ip -o L:i4i?>. mtl iince uii«i from ob- 
4er''':irionM lu'uie iiuier Lirjn!r*oa )C Tiie "?n;^netjr Jifieers ot riie Army. 
T'lost* if fjiihiiHiie T**rft f:imiaiieii 17 'iie jni;^ i*umpany. Hon. Will- 
iHm il. A.]i>on. in*?4i«ie!ir. TiiDiiiiii iL*. 'I. 5. Booch. aeLTecarr. 

AjI ~h** ''orP:rnini| .lameil T»^r» >i)cjme<i T:riiniir**xpeiiae ro die survey. 
T'iif* ^^ll*•^:^ v»*r*» jiaile :'or ::ie piii7)i)m*a jc :Iii2> Lu^Teac^cioa ;iad ac its 

T'.i*^ «'an'ip-ri*ndiii'ja :D;iile ir I^.-^)k:ii Ti:j:iic liaT** bi*eii obcaineiL bat 
.ts -r.i.tfii M ir :iie :oor )t riie riiiuib* Lesn:'>«--j Tiieir jrenen^i vjlae. and 
rli*- -nnai nuues \ inltre ir :ii:rt ^iai't* i -jpeiiiiii me ia ijiiaroATCer. no be 

T'.i*TH v^rf* )r:ii^r i:iii;i** lijfH^rvirxOQ:* Lr:a:*jj..)Le :)t^!»ides chi}He named, 
»iir v-Ti- .iDt i.s#tr'iil :a "lie ^eiienl ■■iwisnii*r:i.~i)fi ■)r :iiis -iii'.MHt.'c. 
f'sftitiftr '/ -^ •:/.*/« I »i;# <r Msiiz Liif(i,^ iihl 5.-.fffc L^Ut^ui 'um gar tfi f*tr period 

^iifi ii '.iij'.i. r.iiii.ia miiirfs :iie i^r^ri^"?? Lei: ii?eiL ±")iu rliem. iiore relia- 
»Ih li;»n i:. la; ira»tr :'.iua.:jj. jJ.'ii»:ii^ii :lie :!i:'ja:iou or bodi uiiese uLices 

A. -^iiiir f-oii.H ::ie ]ir:.saisHippi ii* .JiiieiiiiireiT aJtV'i.'wil by its long 
"i- imr^v;. ■ ;ik M.HHonr! Iil'^t^r. ia«i ar b:.:i:ii I-iiaail :y" :iie rjpiiis. These 
;>p.":ili;*]::.i*s ».■» '*ii<;'v:i .;i DM;iraai H. .2. Tiiiiii T:ie .iv»fr:ii|:e readings of 
•IiM j;iii'jJM -ir/» Mrf.*n ^^r :iie c«irii;iL 1'5 jea^'^. "^licvetiii Janaarv L 1S61, 

T!»** j;ui..ji^..:\»aii-.n;4;=< ,i' Ttii.:i' Li5ais are tliviiieii >y -. s^ \xa to bring the 
%V'> »:u ''»s lear.^r "o set her ijc :iie ii:a;irim. Thi:* d«^es rioc give an 
<»-'!iit*jit ; Mi ;vHp .mil :Vi.'. 'inii raerefijr*^ :liev Are pia»!eil Tish che midway 
jntni u •;>m.nr»n, -*o ih v. «:i7;.:e Tiie exiiesj* aN^ii^ ei.'j*illv ac the times 
■u* .iitih \M'*^r n .\:,v\\ \.\*i M.i". an«l :hai: ot iihe low .vacer* in yovem- 
'V>r -tuil ^j'^v.i'xw \^:. ^■^- •* aiijii: nave made a a exacc er.ialirv of rise an« 
Tuil vy .^*.'l.i<*.fi»*»K .■;ur, :ii..'» .a ^.t-ar ♦tn*:'Gzli foe :hi* L'om{:ari;?oa. Thepe- ; 
f»,ii,iui* ■i/.fer^m'.es awu'V r'or -.hex^elres OQ riie dia;rram. For instance, 
;»t ;<iw.u I.^uiiift -jierR !« ^ r!;*e in D*:iiember, Janaary, anil Febniiiry, not 
v\ jnav!<e.ii an r!ain* Lijoirt. Thl<:ii i.'* probably due to the ice at Rock 
r-.sl»nil, v"'/.:;^ ■j^i,* ^^r/r!;-^ raln.^ *h»;re is a considerable nuitbrmityof 
fiHH ar. nhe XTo piar.en. fj»;: In r»^a<:Iies a greater relative heigh: at Bock 
r.^liiad, a ad ai;i<ih -toor.er »ll:J«i^i^:^*. 

Ax ^ niarner oi* f.ir-.i:eT innert^r*;;. xe have prepared Dia.;jrani I for this 
Irt-v^Jii* per.oil for .iAi:-i: Lioai.-*- ami Diii^am J for Rock Island, giving 
r.he. n"if»aa ^.lirrr** and *;h«^ year when the highest and lowest water oc- 
#»iirrPii! '"^n aaj da.7 of r.he jear. These show the extreme ranges that 
YiA'j^, hiRen obKer-:«^d an nhe .*ame dates in these 16 years, and the in- 
cinded ^pacp, form.^ -vhan wf> have called a ro-rte? of river oscillations, 
which inf.indfts all our known obnervations. The three exceptional high 
wai-i>r» ot* I.i'H, '.J I, ".">, r*=:cord*:<l at Saint Louis, are noted on the dia- 
gram, ban not inciadft^l in the zrme. We could not give each year** 
curve winhont too s^pat, confawjn or resorting to colors which photo- 
Ijthosfraphy wonld not repro^lace. These diagrams furnish interesting 
data for compari.Vin and study, and information as to probability of high 
and low water at any time of the year, useful in planning engineerinS 
Of)^ratior.5i. 

The daily observations are preserve^l in permanent records and ca^ 
easily I'je procnrerl when desired for any special purpose. 

C&mparviiyn 0/ meanJi of gauge-readingH at Saint Lohis. Qninci/^ BoC*^ 
Inland^ and f/uhuque. — In order to see the effect ot the natural conditioo* 
at Saint Lou'** and Ko^.k Island, we have compareil the simaltaneoo^ 
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soperiateuileut of bridges. Those at Rock Island are from obserra- 
tiona by tbe old bridge company up to ISC9, and since then from ob- 
servatioos made under direction of the eugiueer officers of the Army, 
Those at Dubu(]ne were furnished by tbe bridge company, Hon. Will- 
iam B. Allison, president, through Mr. €. H. Booth, secretary. 

All the foregoing named were obtained without expense to the surrey. 
The othera were made for the purposes of this investigation and at its 
expeuse. 

Tbe gange- readings made at Keoknk might have been obtained, hnt 
its siinatiun at tbe foot of the rapids destroys their general value, anil 
the caual makes a bridge at this place a s|)ecial one in eharaoter, to be 
determined by the necessities of tbe canal navigation. 

There were other gange observations attainable besides those nameJ, 
but were not useful in the general consideration of this subject. 

Gauge ol.i ervations at Saint Louis and Rock Islanil compared forpmoi 
of 16 years — The longer period of continued observatious at 8aiutLoaia 
and at Eock Islaud makes tbe averages deduced from them more relia- 
ble than Ht any other points, althougli the situation of both these places 
is peculiar. 

At Saint Louis the Mississippi is immediately affected by its long 
tributary, the Missouri River, and at Kock Island by the rapids. These 
peculiarities are shown in Diagram H, in which the average readings of 
the gauges are taken for the period, 10 years, between January 1, 1861, 
and December 31, 1876. 

The gauge-readings at Saint Louis are divided by 2, so as to bring tlie 
two cuives nearer together on the diagram. This does not gire ail 
equality of rise and fall, and therefore they are placed with the midway 
point in common, so as to divide the excess about equally at the times 
of high water in April and May, and that of the low waters iu ^^^oveni- 
ber and December. AVe might have made an exact equality of rise and 
fall by reduction, but this is near enough tor this comparison. The pe- 
culiar difterences show for themselves on the diagram. For instance) 
at Bock Island there is a rise in December, January, and February, not 
ao marked at Saint Louis, which is probably due to the ice at Bocii 
Island. With the spring rains there is a considerable uniformity of 
rise at the two places, but it reaches a greater relative height at Bwk 
Island, and much sooner subsides. 

As a matter of further interest, we have prepared Diagram I for tliis 
16-year period for tSaiut Louis, and Diagram J for Bock Island, giving 
tbe mean curve and the year when the highest and lowest water oc- 
curred on any day of the year. These show the extreme ranges that 
have been observed at the same dates in these l(i years, and the in- 
cluded space forms what we have called a zone of river oscillations, 
which includes all our known observations. The three exceptional high ■ 
waters of 1844, '51, '58, recorded at Saint Louis, are noted on the dia- 1 
gram, but not included in the zone. We could not give each year** ' 
curve without too great confusion or resorting to colors which plioto- 
lithography would not reproduce. These diagrams furnish interesting 
data for comparison and study, and information as to probability of liigl* 
and low water at any time of the year, useful in planning engineeriu^ 
operations. 

The daily observations are preserved iu permanent records and Mt:^ 
' easily be procured when desired for any special purpose. ^^ 

Comparison of means of gauge-readingn at Saint Louis, Quincy, Roe ^^ 

Island, and Dubuque. — In order to see the effect ot the natural condition ^^ 

L at Saiut Louis and Rock Island, we have compared the simultaneoM^ 
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1^ otjservationa for the period of 8 years ( Janaary 1, 18C9, to Deceni- 
r 31, 1876), at Quiucy aud Dubuque (corinal parts of tlie river), with 
ise at Saiut Louis and Bock Islaud. 

&^H in the preceding case the 8aiDt Louis gaage-readiugs have been 
iply divided by 2, and ttie midway point of all made common on 
9 diagram (diagram K). This diagram itself shows everything that 
a he described iu words, and only a few points will be noted. First, 

see that the stand of the gauge at Rock Island, near mid-height daring 
9 months of January and February, is anomalous and does not agree 
bh places above and below it, and must be due to local ice gorgings, 
i3 that a great uniformity of relative conditions during these months 

sts at Dubuque, Quiucy, and Saint Louis, and generally high water 

d low water exjat at the same time all along the valley, which is a most 

Sful condition for navigation. Second, we see that the high water in 

tril and May occur at tlie uppermost place first aud succeed in order 

time regularly downward, showing that this is mainly what is locally 

own as a "head rise." Third, the June and July rise seems all the 

y to partake of the character of a head rise, reiuforcinga preceding 

al one and lengthening its period. 

Dhere is an exception in the case at Saint Louis, where an intermedi- 

' swell of water in excess appears to come from the Missouri. 

Che September rise occurs all along the valley at nearly the same time, 

i is consequently due to general rains throughout tlie region iu this 

nth. 

3ne of the increasing advantages of the low-water navigation as we 

lower down the river is shown bj the curves in August and September, 

«Q there is so much business to do. The surface keeps comparatively 

at Saint Louis much more than above. 

A'e have added zone Diagram L tor Quincy and zone Diagram M for 
buquefur the S years similar to those for Saiut Louis aud Bock Island 

16 years already described. 
Che gauge observations at other places which we have, do not furnish 
ans for sufficient periods of time to be valuable as such. They will, 
wever, be considered farther ou Iu discussing the question of head- 

y- 

HEADWAY UMDBB BEIDaES.* 

'n order to consider the question of headway under bridges we have 
aoged the data from gauge-readings into tables. 
.. Saint Louis tables, ifcc. — At Saint Louis we take the number of days 
en the river in each month stood as follows : between zero (low water) 
1 5 feet, between 5 and 10 feet, aud so on. This interval, 5 feet, was 
;en by the board of engineers on the Saint Louis bridge (see Annual 
port of Chief of Engineers for 1874, pp. 645-648), and we have followed 
because we could thus continue the same comparisons, and make 
hilable the data there given. That data embraces the period from 
U to 1873, and we have added to it the data for the years 1874, '75, '76. 
Ml these data are given in this report in Table A, year by year ; the 
ervals of 5 feet are placed in the first left-hand column ; the mouths 
the heads of the columns, and the number of days iu the body of the 
Dmn. From it we see, for example, that in the month of Janaary, 
'l, there were 31 days when the river was between zero {low water) 

<he tables in the report of the board ^liiiw tbe nnmbeT of days the river was doC 
*v a KiTen stage ; but the oou soli dated Table H of the report does not show any- 

■ periods of headway under the bridge, and is therefore very misleading^ 
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and 5 feet above. In February, 1861, the river was 15 days betweeo 5 
And 10 Teet above low water, and 13 days between 10 and 15 feetabove 
low water, and bo on for each month in each year. I 

Table A.— Sunt Louis. J 
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1867. 
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1874. 
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For convenience of comprehending and comparing the Btagea of th8 I 
river for the same mouth io all the years observed, Table B is coDstraote^ I 
from Table A. The heights are given in the left-hand column as in A-i ' 
the years at the heads of the columns, aud the number of days in tb* 
body of the table. The monthly averages of numbers of days are i** 
the right-hand column. From this we see, for example, that althougf* 
iii January in 18G1 and in 18G5 the river was within 5 feet of low wate*^ 
all the month, there were 6 years out of 16 that it did not fall as low tt-* 
5 feet above low water ; that on the average it was but 9/^ days wheC* 
the river was between and 5 feet ; that in these years the river wa^^ 
more than 20 feet above low water iu January, aud only 3 of them wh ei^* 
it was above 15 feet, and so on. I^H 

Tablb B. — Saint Lotris. ^^| 
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March. 
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Ociober. 
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Thia table and Table C, described and given below, enable ns to consider 
and decide wliat season to choose, to have the stage of water best suited 
to any engineering or navigation purposes, 

To enable a ready comparison of all the monthly averages of numbers 
of days that the river was at any stage to be made, TMe C has been 
constructed from the averapes in Table B. The heights are here given 
at the heads of the columns and the average number of days in the body 
of the table. 



Table C— Saist Louis. 

MoiMij averages for nixleen yeare, fi-om 1H61 io \.ffl6mBhieii-e,of mi 
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To compare each year with the others and with the averages of all 
the years, Table D is coustrncted from the " Totals " of the columns in 
Table A. The ligures in the body of the table are number of days. 

An examination of this table shows how often during the period given 
that the average was reached, and how often and how many days were 
above and below the average in different years. 
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Table D. — Saist Lricrs, 
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!n order to present one geueral table and curve exhibiting the inatter 
of headway generally, we get from Table D an average of the lollowiug: 
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Prom these datathecurve in Diagram N is conBtrncted, with the niim- 
"ers of days as abscissas, and the numbers 6, 10, 15, &c., as ordiuates. 
, If, now, we take 60 feet above the city directrix at Saint Lonis as the 
"height of the lowest part of a bridge (the directrix being 33^ above low 
^ater), we shall have the bridge represented on the diagram by the 
■horizontal line 83.8 feet above zero. For convenience we have placed 
** timbers giving the vertical heights from the bridge line downward on 
*'^»e right-hand side of the diagram. If we know the height of a vessel, 
*'l»ia diagram will at once tell us the average numlier of days she cannoc 
I>aa8 under it. Thus, if she required 75 feet headway, we see that there 
^l^ce only 125 days on the average when the river would not be too high. 
-*^fce months of the year when this height in moat frequent are shown in 
^*VfeIe C. 

The many qneationa which may arise, it is believed, can all be as 
*^l»0HnighIy considered aa our knowledge of facts will permit, by con- 
sulting and studying the foregoing tables and diagrams. 

2. Bock Island tables, &e. — The tables of observations at this place are 
^c>T comparison of conditions existing at Hock Island with those at Saint 
*^m8 as affecting high bridges. 

We leave out the gauge observations for 1860, because they were not 
'^^"Corded at the latter place. The difi'erence between extremes of rise 
^nd full are about half at Bock Island of what they are at Saint Louis. 
^e therefore make up our tables for intervals of only two feet instead of 
^■^e. In this way the following tables, A, B, 0, are constructed for 
Island the same as for Saint Lonis. And the same explanations, 
struction, &c., are applicable, and so we do not repeat them. 
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Tablb a.— Rock Island. 
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1873. 
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Table B.— Rock Island. 
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Tablb C.— Eock Island. 

Monilds averagea for 16 yeara, from 1S61 to I'-iJG, iaclaeite, of number of dags Ac rW" 
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Oompariton of conditions at Saint Louis with those at Rock Islawif 
with regard to headway. — There are at least four mouths (Oeceiuber, 
Jauuar;, February, and March,) wheii the navigatiou above Book 
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1 is nncertain, if not impracticable, on acconnt, of ice. We must, 
Fore, in making the comparison for navigable headway throw out 
inge observations at these two places for this wintry season. In 
ray we coustruct the following two tables of yearly means : 

Table D.— Sajnt Locis. 
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Tablb D'.— Rock Isund. 

is yearn, of nnmber of days the river's lurface at Bock leland, IlL. wm at tU MgM» 
ated bu tte figitree al ike head of the columite. The rnonthi of JaHnarg, Floors, 
dA, and Dtemibv l^l out. 
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m these tables we get the following: 
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For liofk lelatid. 
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From tbese data we make Diagram O, wliicheoutatDS two car^eB, one 
for 8aint Loais, and oae for Bock Island. TLese curves were oon- 
structed with tbe heigbts of tbe river's surface as ordiuates, aud Ih« 
namber of days it was at or below these lietghts as abscissas. 

Upon tbis diagram we bave drawu a borizoutal line 83.8 feet above 
the zero of the heights, to represeut the chord of tbe Saiot Louis bridge, 
which is 5 feet below the crown of the middle arch. Tbe space between 
this borizoutal Hue aud tbe Saiut Louis curve shows tbe headway at 
that bridge. 

To determiue at what height a bridge at Bock Islaud would bave to 
be placed to give the same headway, we have taken tbe height of this 
horizontal line at intervals of 25 days, aud drawn a line, a b, through 
points at tbe same height above the Kock Island curve, Tbe average 
height of tbis line a b above tbe zero {low water), is the height at whiob 
a bridge at Eoek Island must be built, to give as much headway aa is 
given at Saiut Louia. Tbis, by calculation, is fonud to be about T5.S 
feet, which may be seen by a mere inspection of tbe diagram. That is 
to say, that a bridge at Bock Island 75,5 feet above low water for lialf 
of the time (during high stages) would have from to 7 feet more head- 
way than tbe bridge at Saint Louis, and the other half (during Id* 
stages) the same amount less. Then, in order to receive an average 
headway as good as Saiut Louis, it would have to be placed 75.5 feet 
above low water, or otl.5 feet above high water. 

If tbe Saint Louis bridge had been built 10 feet higher or lower, a 
bridge at Bock Islaud, to give equal average headway, would have te 
be the same amount higher or lower. 

The foregoing discussion and deduction has value only in consideriDE 
the relative obatruction that high bridges at these places would caasii 
if boats were compelled to lower their chimneys to pass them. 

If boats are built so as to pass under a bridge with 50 feet headway? 
then bridges at any point need be built but 50 feet above high water. 

3. Qitiiic!/ tables, &c. — Tbe gauge observations at this place are for eigb' 

years, from January 1, 1869, to December 31, 1S7C. The rise from lo* 

to high water is about 20 feet. The tables are made up with interval^ 

of 2 feet. 

I The following tables. A, B, C, are constructed for Quincy in tbe san»* 

I manner as those for Saint Louis, previously described : 
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TiBi.B A.— QimsCY. 
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Tabls a.— Quincy— CoDtlnaed. 
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Table B,— Qoincv. 
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THE MISSISSIPPI RIVER. 
JpHl. 
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October. 
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ComparMOtt of Saint Louia and Quincy with refermee to Aeodwoj/.— Ite 
river at Qainoy U generally free from ice nearly as late in the season u 
at Saint Loais. In comparing the gange obaeirations of the two plactfi 
we have therefore used them for the whole year. 

To show the average number of days in a year that the river is at tt* 
different heights on the gange, the two following tables have been 
prepared. 
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Table D". — Saint Louis. 
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From these tables we get the fullowing : 

For Saint Lovii. 
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From the data presented in these tables we construct Diagram P, 
irtaich contains two curves, one for S^int Louis and one for Quincy, 
drawn in the same manner as those on Diagram O, previously described. 

On this diagram (P) we have dra<wn a horizontal line, to represent a 
chord 5 feet below the crowti of the center arch of the Saint Lonia 
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Table B.— Quiscv. H 
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^1 
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Table B.— Duboqus. 
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BRIDGISG THE MISSISSIPPI KIVER, 



Tablb D'".— DuBU(iCB, 




(e average is for seven years, the observations not comnienciiif; nutil 
1, 1860 ; tliat year is not included. 

nni these tables we get the following : 
For Saint Louia. 
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rom tliB data contaiued in these tables, we coastmct Diagram Q, 
ill contains two curves, one for Saint Louis and one for Dubuque, 
w are constructed in the same manner as those for Saint Louis and 
It Idand, &c. The averages are for but 7 years, and for eight months 
le year, leaving out the winter months of December, January, Feb- 
y, and March, 

le line a & on this diagram is drawn at the same height above tbe 
aqae curve as the horizontal line, representing a chord 5 feet below 
irown of the center arch of the Saint Lonis bridge. 
|e average lieigbt of this line is 77.5 feet above the zero (low water). 
lie, tbeu, is tbe height of a bridge at tfais place, that would give as 
[average headway as the Saint Louis bridge. 

le rise from low to high water is 22 feet ; the bridge would therefore 
i to be 65.5 feet above high water. 

Other places on the Mminatppi where gauge-observations hare been 
!. — These are enumerated in the hrst part of this chapter. At none 
lese is the period observed greater than three years and. oo.V'^ icre 
8. En, C9 5 
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seasons of iiavigatiou. The detluclintis from a mean of tlieso would not 
have tlie neiglit of those already discussed. We have thongiit itsuffi* 
cient, therefore, to give diagrams of the gange-observatious tliemselves 
at those plaee^, each by itself (see diagrams S, T, U, V], and with tliem 
Diagram R of the gange-readiugs for the three cornispoudiug years and 
seasouB at Kocb Island for com|)ari8on. 

The examiitatiou of Diagram K has shown that (heroism uch similarity 
between the meaus of eight years at Rock Island and Dubuque, oruittiug 
the winter months, and this similarity to Rock Island is shown as far as 
they can afi'eet this question by the diagrams at Clinton, Prairie da 
Ghien, Winona, and Saint Paul. It seems fair to eouclude that the cor- 
respfludiiig means, if we had the whole eight years' observations at 
these places, would present a result in regard to required headway not 
materially diS'ei'ent from that at Quincy, Rock Island, and Dubuque. 
In other words, the bridges along the Upper Mississippi, to provide the 
same average headway as the present bridge at Saint Louis, should be 
about TT feet above low water. This remark may be taken to inclade 
Burlington and other places where we have no gauge-observations, outil 
we get 80 far below the Louisiana bridge as to encounter the eSVctof 
back water from the Missouri River. 

This point is not yet determined, and it would bo only a safe preean- 
lion to canae all continuous bridges below the Louisiana bridge to give 
a clear headway at least 55 feet above high water. The range of tbe 
Upper Mississippi between low and high water from the Lonisiana 
bridge upward, as far as is known, nowhere exceeds that at Dubuqae— 
namely, li2 feet. 

An exception to the above general remarks as to requirements of 
headway above low water may be made to the broad portion ot tbe 
valley from a point about ten miles below La Crosse, and extendiogup 
to the head of Lake Pepin, where a height 7i or 75 feet above low imler 
would give the equivalent headway to the Saint Louis bridge. 

As has been said before, this treatment of the qaestion of relative 
practicable headway is made under the idea that vessels having dif- 
ferent heights of chimueys and pilot-honses are to navigate thertveTi 
and then the required heights above low water are intended to raat*' 
them all equal in their eU'ect, so that a vessel that could pass uiiileroiie 
could generally pass under all. But if the boats are all reduced loons 
flsed height of pilot-house or chimuey, then the only requirenieut is 
that the bridges shall all be an equal height above high water, 

General rule/or equating headway at piacea liaving different rangenfioi** 
high to low water. — An examination of the preceding discussion uf rel*- 
tive headway at Saint Louis, Quiucy, Kock Islatfd, and Dubuqne, wbefo 
the observations extend over long periods (and which leaves out estm- 
ordinary floods), shows the probable existence of a law, that the equi'"' 
alent headway in all cases will be secured by establishing a tiseJ 
height, not above low water or high water, but above, the mid'VBy 
height. 
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Hie following table gives tlie rauge ft-om low to high water as deter- 
tied by as on the Upper Mississippi, to which we have added tbe 
6 ranges od the Lower Mississippi, the Ohio, and Missouri, as for as 
have been able to ascertain them. 
Tdhk of ranges from low to high \ealer on (Ae Miuiuippi. Ohio, and Mieaoun RieerP. 
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HICIDGING THE MISSISSIPPI RIVER 

Tiif'fr tif ruvtjthfrom. low high to watery 4'C. — Continaed. 
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..II n v^.,^ t *(iiMii(fiiinrv on the Misaoari, some 15 ffet above ordinary doods at Kansas 
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C! II AFTER IV. 

II,., I. II *M .* «/»• hhH)<ii;}< ON THE Mississirpi River from Saint 
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me Mississippi, or of the best biud of bridge witliiu i>racticable limits 
to avoid obstructiDg its navigation. This chapter, therefore, supplies a 
vaot in tbe coosideratioD of the main question of great ralue. The nam- 
ber of draw-bridges now built, aud tbe variety of circumstances under 
"which they were constructed, seem to be sufficient to apply the test of 
exijerience and exact observed conditions. The observations made run 
over periods of low and medium high- water stages at many places, and 
are of a kind that requires time in order to obtain opportunity to observe 
them. I have concluded tbe report upon each bridge with remarks upon 
its effects on n.ivigation, and with opinions from the report of the board 
of engineers upon sbeer-boonis, of which Colonel Macomb was presi- 
dent, I being a member, aud to which tbe maps aocompanying tbis 
^chapter were submitted, recommending certain modifications for tbe 
^euefit of rafts. I have also miide suggestions for cbaiigea to facilitate 
xfae passage of steamboats ; but, to quote the language of the board just 
;ireferred to : 

, TliQ pinna and locntlona of nioi^t •>£ tbe bri 
toeusiirea for the eatety of Davit^atiou imiiosai 
■or le7T, p. 827.) 

Otttlineof the treatment of each bridge. — This order is followed as closely 
tn all cases as the differences which arc pri^seutecl will admit. It is nec- 
ftasarily departed from somewhat in giviiiganaceouutot'the Koek Island 
>rt«lge, which was designed by me. 

NAME OF BRIDGE. 

~Wben built and opened. 
'^ei.Kthority. To whom granted. 

J DESCRIPTION OF RITER AND VALLEY AT THE LOCALITY. 

V%'idtb8 at low and high water; ti^rraces; bluffs; rise from low toiiish 
p-ter; slopes; bed of sand or rock ; iieculiarities. 

SURVEYS MADE. 

AThen; to what extent; for what purpose. 

DESCRIPTION OF BRIDGE. 

', -Approaches and arrangement of spans; grades. 
i Ji^vbutructiire ; foundations; dimensions of piers; pivot pier and guard. 
' ^wperstrnctute ; kind of: by whom built; management of draw; man- 
ji^uient of bridge ; accessory works. 

INFLUENCE UPON NAVIGATION, 

XJpon steamboats; Upon rafts; directions of current; velocitv; acci- 
^uis. 

ALTERATIONS TO LESSEN OBSTRUCTIONS. 

To rafts ; to steamboats. 

HIGH BRIDGE. 

Approaches ; height above low water. 
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SAINT PAUL RAILWAY DRAW-BRIDGE. 
{Oiiencd for travel in ISfiB.) 

Tbe only autLority lor building this briilge is in tlie act of the legis" 
lature of the Territory of Minnesota, approved February 20, 1855, in- 
corporating the Southern Minnesota and Root River Valley Railroad 
Company. Section 11 of that act contains the following: 

For tlio purport of conBtTucting and ngiDg said railroad the said corporation is an- 
tiorizei to construct their eaid railroad and tlie neeessnry bridgea ncrossaDd ovor 
piiblia highways acid navigable streams : Provided, That it be ao done as not to obatnicti 
or impede tbe navigation of any navigable etream. • • ■ 

By act of the legislature of Minnesota, approved May 22, 1857, tli^ 
above-named company was authorized to build a railroad from Saint Paul 
and from Saint Anthony to a junction at Shakopee, thence up Miuue— 
Bota Eiver, with the same powers, &c., granted to the company in act 
of corporation. By act of legislature of Minnesota, approved Marfil» 
4, 18G4, the above-named corporation was divided into two corporations^ 
"The Bontheru Minnesota Railroad Company," and "The Minnesota 
"Valley Railroad Company." By act of legislature ai)proved March 1. 
1870, the latter name was changed to Saiut Paul and Sious City Rail- 
road Company. This company built the bridge and operate it. Thi 
Milwaukee and Saint Paul Railway Cuuipany run their trains 



DESCEIPTION OF THE RIVER AND VALLEY AT THE LOCALITY. 
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(See Diagram 4.) 

The width of the low water river at the site of the bridge ia about 
1,300 feet ; within 1,000 feet above this width decreases to 700 feet. The 
high water width here is about 3,000 feet. The left bank ia bounded by 
a low rock terrace about 50 feet high ; on the right aide of tbe valley the 
bluff rises to the height of 125 to 150 feet. This bridge ia but 2 miles 
above the highway bridge at Saint Paul, The riae from low to high water 
ia about 2'2 feet. The current is gentle at low water ; at high water itis 
probably as much aa 6 or 7 miles per hour. The alope of the water's SQ^ 
face ia about 1 foot per mile. 

The bed of the low water river is composed of sand ; its depth ia 
known to me. 

SURVEYS. 

In September, ISCO, a survey was made of this section from month < 
Minnesota River, 4 miles above to 9 miles below. This survey d*^ _ 
termined the lines of tbe low banks, of the overflowed bottom land^*^ 
and of the bluft's, the slope of the water's surface, and, by soundings, th ^ 
depth of the river. The survey was made with a view to obtain ^* 
knowledge of the river preparatory to devising a plan for its improve^^ 
ment. The piers of the bridge had been commenced at that time au(^J 
careful soundings were made about them. In October, 18(18, a special' 
snrvey was made at this bridge, including soundings and current obser-'^ 
vatious. In September, 1876, au examination was made, but no cnrrenC^ 
observations were taken, they having been made by Colonel Farqubarij 
in July preceding. 

DESCRIPTION OF BRIDGE. 



\ 



Approaches. — Commencing at the bluff on the right side of tbe vallM 
the bridge approacli crosaea a lagoon or lake called Pickerel I ' 
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curve of about ],340 feet radius, aud about 1,100 feet long, thcu on a 
Btraiglit liue to the abatment on tbe left bank. The left bank approach 
is on a carve of about 1,145 feet radius. Tbe approach on the right 
baok is of trestling resting upon piles sawed off near tbe surface of the 
gronnd and in the lake just above low water. Tbe approaoh on tlie left 
bank is on an embankment. 

ji-rraugement of upans. — The first span, commencing on tbe right bank, 
is 150 feet from centers; the next two (pivot-draw), 270 feet from end to 
end, with clear oiieninga of 114 feet; then sis spans, 150 feet each ; in all 
l,a20 feet from end to end of bridge. 

Subitrvctiire — The piers of this bridge are, with the exception of tbe 
pivot, 22 feet long, and 7 feet wide on top, wiih a batter of J inch to tbe 
foot. All have triangular ends, except the one standing on the left 
bank. The pier to tlie right of tbe pivot, the pivot, and two piers to 
the left, rest upon piles cut off below low water. The othera rest upon 
tbe bed of tbe river, and are protected by riprap. The pivot-pier is cir- 
cular in plan, 30 feet iu diameter. All of tbe piers are of masonry. The 
stone for them came from tbe bluft's in tbe immediate neigh bo rbooil, and 
is inagnesian limestoue. All of the small piers standing in the river, 
except tbe oue on the right of tbe ]>ivot, have detached ice breakers. 
'These icebreakeis are timber cribs filled with riprap, resting upon the 
river bottom; they are rectangular, with a triangular nose or starling, 
with a slope of 3 on 3 ; dimensions on top 13 feet wide, 19 feet long, with 
the nose 9 feet, making whole length 2S feet on top. All of these ice- 
breakers, except tbe one to the pier on tbe left of tbe ])ivof, are placed 
OQ a line, making an angle to the left of 15 degrees with the axis of the 
piers. The pivot-gnards or draw-rests are timber cribs, planked and 
Weighted with riprap. 

Super itneture. — The bridge is a wooden Howe truss; the short spans 
■ire 23^ feet high and 19 feet wide out to out. The draw-span is 9 feet 
Qigh at tbe ends and 20 tfeet at the center. The bridge-truss was built 
<*y the Saint Paul and Sioux City Kailroad Companj-. Tbe draw is 
opened aud closed by men with levers. 

At tbe time of our examination, in September, 1S7G, the company were 
Pntting henta of trestle under each span, the bridge having become un- 
*^fe by the decay of tbe chords. This early decay (the bridge had been 
ouilt but 6J years) of the timber in tbe chords is said to be due to want 
2f care in its selection, aud to tbe use of oak wedges iu the pine chords. 
*^he acid of the sap Irom tbe oak wedges is said to have caused decay 
?0 the pine. An examination of the chords where most decayed showed 
"^ had taken place to a greater extent about these wedges than in other 
I^fts, but whether more than is properly chargeable to tbe excess of 
Moisture here, I cannot say. 

, The whole bridge superstructure, except the draw-span, was to be re- 
°>iilt in the winter of lS70-'77. 

ISFLUEBCE UPON NAVIGATION. 

. In 1S6C, 1867, and 1868, the channel of the river was along the left 
"ank at the foot of tbe rocky bluff from Williams's Ferry, 5,(100 feet 
*«ove tbe bridge, to a point 1,400 feet above the bridge; from this latter 
Point tbe channel crossed to the right bank, reaching it a short distance 
^elow the bridge. This crossing was gradual through this distance, so 
**Wt tbe piers of tbe bridge were nearly parallel with tbe current. 
*hi8 was the case when our current observations were made in 186S. 
■^ttbat time the piers were partially built, all of the foundations being 
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in, and tlie luasoury built to tlie level of Ilie waler. The l^ivo^g^lll^d( ■ 
aud iee-breakers were not tlien built. Current observations made in 
July, 1S76, by Colonel Farqubar, United States Eugiueers, with the I 
water at 3,1 feet above low water, show a marked chauge Id the diw-l 
tipn of the current, The"cro((»i)(j;" from left to right bank, instead of I 
commencing at a point 1,400 feet above the bridge, commenced o 
or 700 feet above, the current crossing the bridge axis obliquely, making I 
an angle of 10 degrees with the axes of the pivot guard and rest-piera..! 
This change in ibo direction of the current was due to the formation I 
of a bar runuiug out from the right bank above the bridge; the lower'l 
end of this bar, at tbo time of these observations, was witbiu 500 feet of 1 
the bridge. This change has made the right draw opening unsafe, and i 
it is never used by steamers descending the river. 

AiTEEATIONS lO LESSBiS OBSTRUCTION TO HAVIGATIOK, 

It is probable that the extension or recurrence of the sand-bar cauuotl 
be prevented without rectification of the river for some distance above I 
the bridge. This the bridge company should be compelled toOofo^i 
the sake of the navigation on tlie Minnesota River. 

EIGH QBISaB. 

High ground could have been found for the approach on tlioleil 1 
bank where the width of the valley would have been but 3,3tKl f«!t> 
This length of npproach is small in a high bridge over so large a stream 
as the Mississippi at this point. A coiitinuons bridge here should not 
be less than 77 feet above low water. 

SAINT PAUL HIGHWAY BRIDGE. 



(Tbia brill) 



a coniiuenCiMl i 



mpleteil and iipeaeil for travel iu ISS-) 



Attthority. — The building of this bridge was authorized by the Terri- 
torial legislature of Minnesota, by act approved March 4, 1854. ThiJ 
act is entitled "An act to incorporate the Saint Paul Bridge Compauj- 
Section 12 of this act, which contains the i»rovision fixing length ao* 
height of spans, and provisions in reference to navigation, is as follo^*^" 

Said liridge shall be of such material as tbe Btwklioldorij may Ueem expedient, »"^ 
sball be so coDstracted as to cover tbe main navigalile channel of the river by a »r*i\ 
at least three hundred feet from pier to [lier, tlie lowest part o€ whicb said span alj^^ 
be at leaut eiscy feet above biKh-water mark, and said company may constract oi^^Ii 
abntniCDts, piets, and guards to said bridge, at sueb distances from each other and * 
such places as may be deemed oeoeBSary, either on the street from which such bri^^!^ 
shall lead, oo the islanil opposite said street in the said rivar, or on the mainland ^„, 
the opposite side of said river: ProHdi'd, That nothing in tbia section shall be so c*^\Lt 
Btrued as to warrant tbe olistmctioa of any public street or the navigable channel 

The span over the main channel was built 240 feet long instead of 3^^- 
feet, as provided by the act, 1 have not been able to find that any a*^^ 
ditional legislation changed tbe provisions of the act here referred t 

DESCRIPTiON OF THE RIVBE AND VALLEV AT THE LOCALITY. 
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The Mississippi River, at the site of tbe bridge, is divided into t 
cbauuets by an island. The distance between the low-water bnaks^ 
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tine of the briilj^e is about 1,200 feet. Tlia usual low-water widtli 
be river is about 800 feet. The high-water width from bluff to 
f varies from 3,000 to 6,000 feet- The blufFa are of saudstoue, 
Jed with limestoDQ, and are about 125 feet high. The bottom laud 
I'erflowed at high-water from 8 to 10 feet or more. The current is, 
ime of low water, geutle at tlie briilge ; at high water it is about 
ilea per hour. The rise from low to liigh water in about 22 feet- 
slope is 0.9 foot per mile. 

SrHVEYS. 

. 3«ptember, 1868, a survey was marie of the river from the mouth 
le Minuesota, 6 miles above, to Eetl Back, 7 miles below. This sur- 
consisted in a determiuatiou of the low and high water banks, the 
e of the water's eurfaee, suundtuga, and observations for volume of 
barge. The object of the survey was to gain a knowledge of the 
r to enable me to plan works for the alleviation of the difHculties 
ading navigation at low water. 

1 1S67 obsetvatious were made through nearly the whole season near 
bridge, for volume of discharge. The survey of the river was con- 
ed from Red Eock to Ilaatings. 

1 18CS (ipecial surveys were made at this bridge, including souuding3 
current observations. 

lie bed of the river at this bridge is composed of sand. Tbe rock 
ears on the left bank, rising to the height of 90 feet aliove low water, 
oat perpendicularly. 

DESCRIPTION OF BRIDGE. 
(See Diftftrara 60 
oumenciiig at the blutf on the rigtit bank, we have an embankment 
Qt 1,600 feet long, Imilc about 4 feet above high water; through this 
tankment were three openings of about 45 feet each. Prom the end 
be embankment to the first pier was 375 feet of trestling in bents 30 

apart ; then 7 spans 140 feet long from centers ; then the chauuel- 
11,240 feet, and a span of SO feet over the railroad and bigh way along 
bank of the river. 
rades. — Tbe roadway on tlie trestle and short spans to the rigbt of 

cbaunel-span is on a grade of ] on 20. The part on the channel 

short span to the left is on a grade of 1 on 23. 
lAstructure, — The trestling is of tbe usual kind, Hue timber formed iu 
iB. Th6 first pier on the right bank rests upon grillage of timber 
!ed below low water. This pier is rectangular, 20 feet long and 5 

wide on top, with a batter of half-inch to the foot. Tbe others are 
etwidewilh the same batter. Those standing in tbe river have 
Dgular ends up to highest water ; these rest upon piles cut off' below 
Water. The two piers standing on the island are rectangular with- 
starliugs, and have no piles under them. The masonry rests upon 
grillage which rests upon a bed prepared by throwing iu riprap. 

safety of these piers and tbe three spans resting on tbem depends 
tt the preservation of the island. Since the erection of the bridge, 
1 150 to 200 feet of the island have been washed away. This wash- 
improbably due to the filling out on tbe left bank in Saint Paul. 
' importance of preserving this island has been frequently brought to 
nttention of tbe city authorities, but up to October, 1S76, but little 

been done towards it. The channel piers (see Diagram W) are 30 j 

E«t wide on top, 86 feet above low water, with a batter J 

i 



^ 



74 BHIDGINQ THE MISSISSIPPI RIVKK. 

of balf-iDcli to the foot. The shore end of the 80-feet span rests upon "I 
the rock of the blutt' upon which this part of the city of Saint Paulii 
built. The piers of the bridge are of masoiirj, from stone quarried in 
the bluft'on the right bank about three-quarters of a mile above the bridge. J 
This stoue is maguesiau limestone; it lies here immediately above Ut 
soft saudstoue, generally in thin layers. It is used in mauy of the bailf 
inga of Saint Paul, and stands exposure very well when laid with if 
quarry-bed down. If laid difl'erently it disintegrates rapidly by thej 
tiltratinn of water between the strata, and the action of the trost. TT 
up-stream starling of the right pier of main span has had pied 
buockcd 06 of it by floating logs and ict^. This part of these piers shod 
bave been of more durable stone. I 

Svperstruoture. — The original structure was built of wood, by Mril 
8. Seweil, civil engineer, in 1857 and 1858, of a peculiar i>atteni,ilesigrf 
by him. All of Ihe spans except the channel span were deck-troMf 
with roadway on the top chord. The channel span is a through spad 
its lowest part is 63 feet above high water. A pecnliar feature of t£ 
bridge is the grade of the roadway. The roadway, at the end tovu 
the right bank of each span, is on the upper chord, and at the other eil 
7 feet above; the next span is placed 7 feet above the other, and so odH 
the channel span. 

The main span was rebuilt of wood in 1S6!) and 1870, and the olhersfli 
placed with iron spaua in 1870. In 1875-'76 the cbaunel Bpa:i was ^ 
placed by an iron one. The bridge was built by a company and t 
charged for its use ; it has since passed into the control of tbti city~fl 
Saiut Paul and is now a free bridge. 

INFLTJBNCB UPON NAVIGATION. 

This bridge, when built, was practically no obstruction to either raft 
or steamboat uavigatton. At that timu the only means of reaching Sniot 
Paul and the country above was by the river, and steamboat navigation 
was very flourishing. This accounts for the satisfactory provision madfl 
for it. 

The first railroad comnmnicatiou to Saiut Paul was lato in 18G7, nine 
years after the opening of the bridge, 

The tilling out on the Saint Paul side below the bridge occupies a pflft 
of the approach to the channel span, and deflects the current toward th« 
island, making the shore part of this span in a slower curreut than the 
part toward the right pier. This filUog out lias not, as yet, greatly im- 
paired the safe passage of this bridge by steamers, but if allowed tog" 
on it will seriously injure it. Had the same amount of filling been above 
instead of below the bridge it would have obstructed the passage of this 
bridge very much. 

There is much need for doing something ou the Mississippi to preven' 
sncb injury to navigation, and secure it against the injury which parti^ 
other than the bridge companies, canse to it, in the vicinity of 
bridges. 

HASTINGS RAILWAY DKAW-BRIDGE. 



(Opened for railway travel in 1M71.) 
Autkoriti/. — The only authority for the building of this bridge, knffl 
to me, is an act of the legislatnre of Minnesota, approved Febraarj" 
18G7, entitled— 

AN' AOr toIiiiHirporatechelliiattnits, Miuneeotainverauaili.iaRivet'ortbeyutth Rallroiul Compaoy' 

Sbction 22, * * " This oorporation are hereby aulliorized and empowered t^ 

extend Ibelr road by a brid^ti aoroBs tlie MiasiBsippi Kiver, and to farther estead a])3 
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KiCniet and am thalr road with all Its appurteDanacB Co the raauth of the Saiut 
kill, and build and construct a lirid}^ auroaa eald river to the tnwn nf Preacott, in 
lBcoDgiii,if they shall deem it expedient to do aa, provided that said liriil^HH iicro^i) t lie 

ibaisaippi and Sniut Croix RivDritahall bew) coiiHtruDtod as nottuolKtraiiD tliQ navigu- 

"m of aaid rlvera. 

[The name of tbis company vas afterwards cbanged to the Hastings 

Id Dakota Railroad Oompany. 

rAll tlie bridge companies that have built bridges on tbe Mississippi, 

blow the janctioii of the Saint Grois, where its channel forms the 

landary line between the States, and over the Saint Croix Itiver 

Ifaere it forms part of the boundary bet^veen Wisconsin and Minnesota). 

ftve thought it necessary to have them declared post-routes by act of 

Ibngress. 

lOn the part of the Mississippi which lies wholly withiu the State of 

tiiinesota such action of Congress has not been sought, nor Ijave the 

Hdges been built according to the provisions of any act of Congress. 

ftere seems to be no reason, however, why any such excejition should 

b made. 

fflSCRlPTION OF THE RIVER AND THE VALLEY IN THE LOr:ALITY. 

(Sne DiaBniniT,) 

, The river, which at low water for two miles above ruus aloujj at the 
jtotof the rocky blufi'pf the left bunk, orosses just above the town and 
ttrikes the low rock bluffs of the right bank, making there a sharp 
beiid. The river is thus thrown into one narrow channel, which at low 
ifater is but 400 feet wide with a depth from 18 to 23 feet. A similar 
isae is presented iu the bend above the town of Ilannitial, Mo, The 
Sbb from low to high water is 22 feet. The current is gentle. The high- 
^ter river, which extends from bluff to bluff, is about 4,000 feet wide; 
ftia is less than the general width of the valley in the vicinity and 
ftrrower than at any place below. The low rock of the right bank 
Brea au easy and secure approach ; the narrow low-water river requires 
taly a minimum of bridging ; and the river bend allows the railroad to 

Pthe valley with but tittle deviation from the general alignment ; 
at this is au unusually economical site for bridging the river. 
SURVEYS. 

In September, 1866, a survey was made from Hastingi, Minn., to 
^escott, Wis., covering about 4 miles of river, the wat«r at the time 
bing about 2J feet above low water. Both shores were surveyed, levels 
hi, soundings made, and volume of discharge measured. In October, 
l67, a Burvey of the river from Saint Paul to Hastings was made. 
Wb Borvey covered a small portion of the river surveyed in 1866. In 
nitember, 1876, a survey of the river at the site of the bridge, and cur- 
pt observations, were made, with the water 3.85 feet above low water. 

DESCRIPTION OF THE BRIDGE. 
(See diagram 8.) 
ComreieuciDg on the right bank the approach is an embankment of 
to feet; then 235 feet of trestle to the right rest pier ; then a draw- 
ten of 300 feet over all, two spans of about 150 feet each, and one of 
►6 feet ; tbeu 2,386^ feet of trestling to a bridge of two spans, each lUCi 
fet; then trestle for 700 feet to the embankment. The bridge is on a 
feu|hOAe from right bank to 160 feet beyond pier 6, numbering from 
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right bauk toward the left; tben a 2° curve for about^I,950 feet_ 
gent to tbia car\"e is nearly parallel with the bank of the river above. 
From the end of tbia curve it is on a straigbt line across the Ehort 
bridge to the bauk of the river above. 

QraAex. — The grade of the road ia level from tbe right bank to tba 
end of the bridge, and then descouds at the rate of about 15 feet per 
iiiilo for 1,800 feet ; thoti level aeroaa the short bridge to the enibauk- 
ment, 

Suhitruciure (see Diagram X). — The piers are built of the magnesian 
limestone fouud in the vicinity ; the most of it from Barn BluQ', at Eed 
Wing, They all rest upon piles sawed off, I was told, below low water, 
Tbe draw-rest piers are 7 feet wide under coping; tbe others in the river 
t) feet wide ; those of the short spans near the bluff 5 feet wide, Ibe 
draw pier is 26| feet in diameter on top with a batter ^ inch to the foot. 
The rest piers are each 7 J feet wide on top, 21 feet long, with triang"' 
lar ends 5J feet long each ; making total length 33 feet. The batteri 
the.se piers is J inch to the foot. The pier at right end of draw rt 
upon the rock of the natural bank, some 6 feet above low water i 
about 15 feet from the shore-line at low water, reducing the water-wi 
to this extent. Tbe rest pier at left end of draw (No. 3) has the san 
dimensions on top, but baa a starling commencing IS^ feet above lo« 
water with a slope of 1 on 1. 

The next pier left (No. 4) is 6 feet wide on top (under coping) ami 31^ 
feet long, including the triangular ends, the rectangular portion heiDg 
21 feet. This pier has a starling of same dimensions as Ko. 3. Tbt 
next two piers to the left are of same dimensions without starling. Tlifl 
three piers of the short bridge in the north approach arc 25^ feet loDg 
and 5J feet wide on top. Their ends are semicircles in plan with * 
radius equal to half the width of the pier, the rectangular portion being 
about 20 feet long. The draw-rests are cribs resting upon the bottoin 
of the river. They are about 20 feet above low water. The lower oneif 
tilted, probably by reason of scour at the time of sinking it. This tilt- 
ing amounts to a difference of IJ feet in the elevation on the opposite 
aides of the lower end. 

Superstnielure. — The draw-span and two adjoining 150-feet spans have 
iron trusses of the Post pattern. They were built by the Ameriean 
Bridge Company of Chicago. The three 105-feet spans are of a comb'- 
nation of wood and iron and of the same form of truss. The drnf'' 
worked by men with levers. Tbe lowest part of the structure is Sj fMt 
above the high water of 1S70, and extreme high water is at least two 
feet higher. 

INFLUENCES UPON NAVIGATION. 

The left draw-opening is 130 feet in the clear, and the right dra«- ■ 
opening 115 feet; the clear width of this span is decreased by the rest" 1 
pier being placed on tbe bank some 15 feet from the shore. The t*" I 
spans next to the draw are about 140 feet each in the clear. The loc*' I 
tions of the bridge immediately below a very sharp bend iu the ri^*' I 
preventait being seen by descending boats until within about 1,100 feet'T ; 
too near for heavily-loaded boats to approach, especially in time of UiS 
water and swift current, and wait for tbe opening of the bridge. 

ALTERATIONS TO LESSEN OBSTRUCTIONS TO NAVIGATION. 

A sheer or fender has been built along the right bank up as far as tt*% 
head of the draw-rest. The passage of the bridge would be improved *^ 
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i sheer were pstended up river so that boats could land a^^iiust it 

I drop through. Another reason for esteudiog this sheer is that the 

e is so rocky that to drop down against it is to endanger boats or 

^ signal placed above the bend so it could he seen from a boat com- 
KdowD, before she got too near the bridge, would give time and space 
Bind above the bridge it it coutd not be opened for its passage. This 
pal could be operated from the bridge, aud woidd uot be expensive. 

I HIGH UEIDGE. 

& high bridge at this jilace would have high ground ou the right 
|k at a short distance from the river. The approach on the lelt bank 
&d he made for the most part on the present line and require bnt 
Be increase in tie length of the trestllng. One span of 300 feet would 
pll that need to he high. This should be 55 feet above high water, 
ich would be about 77 feet above low water. 



WINONA RAILWAY BRIDGE. 
(Opened fur travel iu 1371,) 
his bridge was built by the Winona and Saint Petei-'s Railway Gom- 
y iu 1869-'70, under the authority of the act of Congress approved 
y 25, 1866. 

GENERAL DESCRIPTION OF THE RIVER AND VALLEY. 
(Sob Diagram t).) 

finona is situated on a sand aud gravel terrace on the right hank of 
Mississippi whose level is bnt a few feet above the extreme flood- 
fhts, and at high stages the watfer passes behind the town, and 
ireen it and the bluff. The channel has been permaneut along this 
tace where the bridge is situated. The ordinary water-way is divided 
B low wooded island, near the lower part of which the bridge crosses, 
; the islaud is overflowed to a depth of several feet at high water. 
I ordinary width of the main water-way at the bridge is 1,000 feet, 
t of the lesser one 700 feet. There were two other smaller sloughs 
Irater-ways running through the low banks on the left bank, forming 
ar-courses at medium stages, while at highest stages the whole bot- 
I overflows to a depth of several feet. 

lewidtbof the river between the blufl's (which are near iOO feet 
t and composed of sandstone and limestone, some of wbicli answers 
huildiDg) is about 3 miles. The rise from low to high water at this 
ee ia about 1 7 feet. 

!lie slope of the surface at common low water averages about ,'„ feet 
'mile ; aud the current is about 3 miles per hour at a stage 5.4 feet 
>Te low water. We have no measure of it at high water. 



Ms locality was surveyed by us in September, 1SC6 ; again in Octo- 
\ 1867 {this latter time forming the terminus of a eoutinuous survey 
* Lake Pepin) ; again in 1808, at which time the railroad company 
I obstructed the water-course ou the Wisconsin aide of the island 
ih piles ; and finally iu September, 1S7C. All these are shown on out 

Kone of the surveys but the last was made after the bridge was built. 
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DESCaiPTIOM OF BRIDGE. 
(See Diagram 10.) 



Llie west t)9 



Arraiigeiiieiitg of spans and approackeg, — CommenciDg on tlie 

the bridge is reached by trestliiig for about 2,100 feet, on a maxiDai 
grade of 1 in 100, crossing two streets now in nse oii trusses 40 feet lot 

The iirst span is 80 feet from centers. It is a Howe truss. The n* 
going east is the draw span wliich is 360 feet over all, giving clear opt 
ings of 160 feet. This span is of iron and is of the Post patent. 

Tbe nest two spans are each 250 feet from centers, and areHowe truss< 
This brings us across the maiu river to the low island. For the ne 
1,000 feet, trestling was used up to the time of our survey; it was tb< 
being replaced by 7 spans of wood, each 142J feet in length. This » 
made necessary by reason of the scour about tbe piles on wliicb tl 
trestle rested. Driftwood lodged against them at time of high watt 
and scour took place to such extent as to endanger tbe structure. 

The slough is crossed by Howe trusses, 4 spans of 160 feet each fro 
centers. Then come 9 queen-post trusses, of about 45 feet length, eiU 
resting ui>on piles. There is then 487 feet of embankment over bottoi 
laud to a slough SliO feet in width, crossed by pile trestling. This is 
be replaced the coming winter (1876-'7,) by two trusses of 142J feet Bjia 
and one of 45 feet. Then comes an embankment 2,305 feet, th«a 75 feet 
trestling, then 3 spans of 132J feet, and then 345 tfeet of trestling acrt> 
the slough to embankment, making 3,988 feet of bridging exclusive 
the trestle approach on the west bank. The draw of this bridge is tarnt 
by a small steam-engine placed on the turn table. Provision is all 
made to turn it by band. 

Substructure. — The pierf, commencing on tbe west hank, are of the ft: 
lowing dimensions: The first, at west end of the 60 feet span, HoiK 
truss, is of masonry, resting upon piles. It is iiisidu of the low-wattf 
line, and is protected by riprap. 

The second pier, upon which the west end of draw rests, is 30 fe« 
long and 8 feet wide, nnder the coping. The starting on the upper «il 
of the pier, commences 8.8 feet below the top. 

Tbe lower end of tbe pier is square. The batter, on sides, ends, ax 
starling, is about ^. The pivot-pier (No. 3) is 33 feet in diameter on tog 
with a batter of y^ Tbe guard rests are cribs resting upon pil?' 
sawed off at about 4 feet above low-water surface; they are 22 feetwii 
34 feet from the pier. From the guard-rests a row of piles, capped, rniP 
to the middle of each side of the pivot pier, where they are 3 feet oqI 
side of the masonry. 

Tbe next pier east (No 4) is of the same dimensions as No. ", escep 
the starling, which h:ts a greater slope, probably 4 inches to the fooC 
The next pier, No. 5, is 7 feet wide under the coping, but in other re 
spects the same as No. 2. These piers all hai'e cribs around theP 
tilled with stones, which come up to within about 2 feet of the water''' 
surfiice at time of survey, and they have detached icebreakers. Th« 
next pier is of timber 37 feet long by 11 feet wide, resting upon wba 
appeared to be a crib, tilled with riprap, with other riprap thrown ir 
around it on the river side 15 feet wide at a level, 6 feet above low w* 
ter. The next 6 piers across the island are each three trestle bents rest- 
ing upon piles cut off one foot above present water. (See Diagram Y. 
These bents are planked up on the outside to 10 feet above low wste' 
aud filled with riprap. Tbe entire length on tbe bottom is 30 feet i» 
eluding the triangular nose, above which is 6 feet up-stream end 91"- 
48 feet down stream. The up-river triangular uose is of 3 inch on* 
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lank, laid flatwise. Tlie widlb of tlie jiIlt on tLe top is C feet and its 
>ngth about 24. 

The next pier, So. V2, ia on the west bank of tbe aiougli. It is com- 
osed of 4U piles in 1 rows. Around these iiilea a crib wns ijiiilt and 
lied with riprap. A large mass of riprap was also placed about the 
fib. Tbe piers on top are 21 fuet lon^ and 10 feet wide. The crib is 
bout 15 feet long and 15 feet wide. These piers make an nngle of 
t>out 75° with the axis of the bridge ineliniiig to the right-bHod side, 
lokiiig up stream. 

Detached iee-breakers are built above each of tbe piers iu the islougb, 
i feet long and 14 feet wide. They are of two rows of piles driven 
ose together, capi>ed and walled. The nose ie triangular, forraiiiR 9 
jet of the length and planked. The cut- water is covered with railroad 
■on. The whole is filled with riprap up to the top, 13 feet above low 
ater. Tbe lowt^r end of ice-breaker is S2 feet from upper side of bridge, 

prolongation of the center line of pier. Around the ice-breaker the 
tprap esteciils out about 10 feet on all sides above water, at time of 
orvey. 

At each of the shore piers (Nos. VJ and 16) a sheer has been bnilt. 
}he west sheer is 300 feet long aud the east 176 feet long, Tbey are of 
wo rows of piles, capped, about 16 feet above water at time of survey, 
rith riprap thrown against and between tbeni, and they flare so as to 

, to turn drift into the open spans. 

Beyond the sixteenth pier come the nine queen post trusses, resting 
ipon bents of piling, recently built in place of pile tiestling that h ut 
>econie too muob decayed to be tru^itwortliy. 

The piers of the slougb bridge consist of three rows of piles with rip- 

p around and between them. These jiiers have the general direction - 

■ tbe slough, and make an angle of 73^ with the axis of the bridge. 

INFLUENCE UPON NATIGATIOH. 

Steamboats. — The piers of this bridge w 
he stage when it was examined by us. 
pann are practically next tha shore (the right bank), following the ex- 

nple of the Bock Island bridge. 

Tbe arrangement of the pivot pier and its guards is not gnoil. The 
rojectious at the pivot are bad to strike against, especially if going at 
"ly ordinary speed. 

iSo/i's. — Large rafts are compelled to divide iu two parts to pass. 
Iteie is some difficulty occasioned by reason of a sand-bar about 2,001) 
let above, which sometimes closes down to near the right bank, and 
«re Yeoman's booiu occupies a desirable part of the navigable Chan- 
el, from which it should be removed. The sides of tbe pivot pier aud 
'nards are not as smooth as they should be to prevent injury to rafts in 
ibbiog along them. The landings made along the shore leave it too 
igged for safe passage of rafts. It seems probable, too, that tbe sp.in 
Eft for nifts at high water in the water-way west of tbe island is too 

ALTEKATiONS TU LESaEN OBSTEUCnoNS TO NAVIGATION, 

Sheer-booms, — The board of engineers on sheer-booraa recommended 
hat Yeoman's logbooui be drawn iu towards tbe right bank at least 100 
eet, aud that a slieer-boom be placed above the bridge with its lower 
md at the right rest pier, extending up stream 150 feet above the 
^levator. 
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Fivotpier guards. — These guards bIioiiIiI be rebuilt 80 as to bave [be 
same width tbe whole length from the draw-rest above to the one below 
the pivot. Floats should not be used aa guards, which shoatd be I'ramed 
and planked np to 4 feet above high water. 

HIGn BRIDGE. 

A high bridge at this site would reqoii'e loug approaehes on both sides' 
because the banks are low. The least height should be 75 feet abure 
tow water, or 5S above high water. 

If a high bridge is built, the best location is at Trempealeau, about li 
miles lower down on the river, where high banks, abont 3,5(10 feet apart, 
are found on both sides. A single bridge here might have been made 
to accommodate the railroads approaching both Winona nnd La Crosse. 

LA CROSSE RAILWAY BRIDGE. 
{Opened for travel iu December, 1^6.) 

Authority. — By act approved February 21, 1SC8, the Southeru Miui.._ 
80ta Kail way Company were authorized to construct and operate a ra^- 
road bridge across the Mississippi River, between the city of Lii Croase, 
Wis., and a poiut opposite iu the State ot Minnesota, uuder the same 
general provisions a« were contained in the act approved July 25, 18(J6, 
authorizing the bridge at Qninoy. No bridge has been bnilt'under tho 
act of February 21, 1SG8. 

By act approved April 1, 1371.'. the Milwaukee and Saiut Paul Eadway 
Company were authorized to build a bridge at any point they may sell 
■ between the county of La Crosse, Wis., and the county of Houston, Mii 

The only essential differences laetween this aut and that approved 3\ 
25, 180(i, are embraced in sections 4 and 5, which are as follows : 

Sec. 4. That .ill railnny companieB desidng to use snid bridge sliall have And bafl 
titled to equal rjglita and privileges Id the pa^a^e ol'tbe same, and io ttie use of n 
macliinery and fixtures tuereof, aad of all approachex thereto, under and Dpoa SL 
terms and conditions aa ahall be prescribed by the Secretary of War, upon heorilngflj 
allegatiuna and proofs o[ the parties in case they shall not agree. r 

Sec. 5, That the structure herein aatborized sball be built and located nndet L 
subject toeaab regulations for the security of navigation of said river aa tbeSecran 
of War sball prescribe; and the said structure shall beat all tioiaa so kept and nt 
aged as to otfer reasonable and proper means for the passage of vesaela thronj);'^ 
under said structure ; and the said structure shall be changed at the oast aod expaq 
of the owners thereof from time to time, as Congress may direct, so a-i to proserva W 
free and convenient navigation of said river. And the aathority to erect and contid 
said bridge shall be subject to revocation, modification by law, whenever the pna 

good Bhatl.in the judgment of Congress, so rer[uire, withont any expense or ■' 

the United States. 

The act approved June 4, 1872, still further iocreased the digo 
tionary power of the Secretary of War ; this was as follows : 

AN ACT rBKnlatiog tha oonatTQotion of bridgea acroaa tbB MiualaslBpi HWor, approved Jan 
Be U enacted, if'o., That all bridges hereafter constructed over and across the Mlai 
sippi nnder authority of any act of Congress, shall be sabject to all the terms, res^ 
tions, and I'eqniremeots contained in the Qfth sectiou of tlie not to authorise the 0(L 
strnotiou of a bridge across the Mississippi at or near the toivn of Clinton, Iowa, ■ 
proved April 1, IST'i; and in locating any such bridge the Secretary of War shall b 
due regard to the security and convenience of navigation, to couvenien 
and the naote of all railways and highways crossing said river. 

A design for bridging the Mississippi River about two miles above t 
Crosse, near the lower end of Minnesota Island, was submitted to d 
Secretary of War, on May 23, 1872, by the president of the Milwau^ 
and Saint I'anl Railway Company. This location was opposed by 1 
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city of La Crosse, and remountraiice waa made to the Secretary of War 
against the adoption of it. TLia opijositiou desired tbe bridge located 
"below the mootU of Black River, and centrally as regards all the railway 
and highway interests, so that there might be but one bridge. The 
"Whole matter was referred to me by letter from the office of the Chief 
of Kngineers, dated June 8, 1873. I suhmitted a report dated Jnne 29, 
1871i. The general view talien was that the opposing interests should 
settle their diflferences among themselves. The subject was then referred 
to a board of engineers, of which Col. J. N.Macomb was president. 
They submitted one report dated July 29, 1872, and a second report dated 
September 2B, 1873. The board favored the location at the town. 

The papers relating to the whole subject were printed as Ex. Doc. No. 
71, H. K,, Forty -second Congress, third session. It is very interesting, 
as it presents in detail a phase of the complications which attend tbe 
construction of bridges ihat will be the least obstruction to navigation. 
These reports, omitting some of the accompanying documents, are 
printed in the Annual Kepoit of the Chief of Engineers, 1873, pp. 555^ 
677. 

In 1875 the Milwaukee and Saint Paul Railway Company were al- 
lowed to proceed in the construction of the bridge at their own location. 

GBNBKAL DESCEIPTION OF EEGION ABOUT LA. CEOaSE. 

(See Diagram 11.) 

La Crosse is built upon the east bank of the Mississippi, on a sandy 

*errace, elevated from 10 to 40 feet above the floods. This terrace ex- 

t^nds many miles np the valley, being cut through by the La Crosse 

tttid Black Kivers, but terminates about 4 miles below the city. At the 

pi ly this terrace is about 2^ miles wide, and this is the only place where 

ft tonc'ies the permanent channel of the river. There is also a similar 

terrace, of less extent, on tbe west side of the valley, but the two are 

^parated by about 2 to 21 miles of intervening bottom-lands, islands, 

■«id river. The river rises, from lowest to the highest stages, about 10 

a€t. 

The islands and bottom-lands are of sand and mud, in most places 

-^eply inundated at high water, and many lakes and marshes exist at 

L^rly all times. The distance between the sand terraces (2 to 2J miles) 

Cives a measure of the general extent of bridging and embankment for 

'^y^a approaches, the relative amounts depending upon different loca- 

ons. The bed of the river is entirely of sand in this neighborhooil, 

l^ndno borings have been made to reach the rock beneath it. The 

^«pth of sand is probably not less, generally, than 70 feet. 

The river slope is gentle and the current mild, varying from 2 to 3 
^ilea an hour. The river is divided by islands, so as to nowhere flow in 
* single channel, and sometimes there are two of the principal of these 
that are nearly of equal width and depth. The nearest union of all the 
ttater in one channel occurs below La Crosse, between tbe small islands 
of La Plume and Broken Arrow, a place formerly much used by the Da- 
iotas or Sioux as a crossing-place {Traverse de Sious). This has been 
BO permanently, from time immemorial, and here the Southern Miuue- 
Bota Railroad Company locate their crossing. A large island opposite 
La Crosse is known as Grand Island, and the city people want the bridge 
there. A considerable island above this, known as Minnesota Island, 
across the foot of which the Milwaukee and Saint Paul Railroad Com- 
pany located their bridge, divides the river nearly equally. Its name 
indicates that the main low-water channel is or was on the Wisconsin 
Bide of it. The law fixing the boundary of the two States m ikes it the 
S. Ex. 09 G 
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main channel of the river, aud the Hues of the Minnesota land surveys 
were extended over this island. It is probable that by artificial works 
the maiu low-water eliBunel could be kept permanent on either aide of 
this island. 

The distance between the main bloflfs bounding the valley is from four 
to four and a half miles. These bluffs are in the neighborhood of 40ft 
t« 450 feet high. They are eomiiosed of magnesian limestone of tbe 
Silurian epoch, and nearly horizontally stratified. The heights of theiie 
binfi's give a good idea of the ascent and descent a railroad line moat 
make in crossing the valley between two points of tbe interior, east and 
west of the river. 

The low-water channel is at the foot of these bluffs on the west side, 
about six miles above La Crosse, and again on the west side, about ten 
miles below, at Brownsville, Minn. These high bluffs bordering tite 
valley make it a matter of some difiicalty for a railroad to get from tlie 
river-banks up to the level of the high prairie, except along tbe vallej 
of an afdnent to the main river. 

On the west side of the river the Southern Minnesota Kailroad has a 
good approach in the valley of Root Elver, Minnesota, which debouches 
into the Mississippi a few miles below La Crosse, leading in a westerly 
direction. The valley of Pine Creek, Minnesota, debouches opposite La 
Crosse, leading out in a northwesterly direction, and this is said to be 
the line chosen by the Saint Paul division of the Dubuqne and Miniie' 
sota Bailroad. The valley of the Mississippi itself furnishes good routM 
for roads leading northwesterly, and both sides are already selected for 
roads, the left bank being taken for the Milwaukee aud Saint Paul 
Kail way. 

On the east side of tbe Mississippi the valley of Black River opens 
out to the northeast. The valley of La Crosse Eiver, coming into tbe 
Mississippi Valley about two and a half miles above La Crosse, fur- 
nishes the route for tbe railroad eastward to Milwaukee. Any otber 
road to the east will probably have to go down the Mississippi Valley 
in a southeasterly direction till some suitable tributary valley is reached. 
SURVEYS. 

In October, 1S66, a survey of about four miles of river, commenoiag 
about two miles above and extending two miles below La Crosse, wa» 
made by ns. At that time bridges were contemplated but none had 
been authorized. The river was about 2.5 feet above low water. Tbe 
slope per mile was 0.35 foot. This survey commenced near the site since 
chosen by the Milwaukee aud Saint Paul Kailroad Company for th«f 
bridge. 

In September, 1870, we made surveys and examinations at this place 
while the bridge was in process of construction. The water was two 
feet above low water. The rise from low to high water is given by the 
bridge engineers as 14 feet, but this seems too little. The high-watet 
mark of 1860 on Coon's warehouse, iu La Crosse, was 13.83 feet above 
the surface of the water in October, 1806, and as higher waters than 
that of 1859 have occurred in this part of the river, as determined by 
marks in the river above, we concluded that the range must be greater, 
probably as much as 16 feet. 

DEBORIPTIOS OF BRIDGE. 
(See Diagram IS.) 
Approaches and arrangement of spajis, — Commencing at North La 
I OroBse, there is an embankment 1,430 feet in length to tiie Black BivOTj 
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then 600 feet of pile trestle to a pivot-draw span ; this span is 310 feet 
'ftver all ; then 1,900 feet of trestling to French's Sloagh ; the bents of 
this trestling are 16 feet apart and rest upon 4 piles sawed off about 
3 feet above surface of the ground. French's Slough is now crossed on 
'fepestling, but the company propose to put in a lOOfeet truss upon stone 
']piers. From French's Slough to the old channel, 2,000 feet, there is 
Itreetling ; of this distance, 1,125 feet is on a 2° curve, which ends 50 feet 
itfom the pier on the bank of the " old channel." This old channel is 
[crossed by 5 spans of 148 feet each, total 740 feet; then 650 feet of 
treatling across Minnesota Island to the bridge, over what is now the 
main channel ot the river; of this distance, 593 I'eet is on a 5° cnrve. 
The main cliaunel is crossed by two spans of 164 feet each — one of 250 
iftet, and a pivot draw of 360 feet. TLis portion of the bridge is on a 
'iitraight line, which extends 100 feet beyond the right or west abutment ; 
|l9teii cornea a G° curve for 534^ feet, and then 4,340 feet tangent, extend- 
^g^ to La Orescent junction ; all on the west side of the bridge is tres- 
tle. The whole length between mainline on east side of river and main 
%De on west side is 13,540 feet ; of this distance 1,420 feet is embanked 
'dn the east approach, leaving 12,120 feet of bridging and trestling. 
^Ehis trestling the company propose to replace by embankment to as 
great an extent as the requirements of high-water way will allow. 
'" Oradea. — The draw over the Black Biver is approached on an up- 
igrade of one-half foot in a hundred ; the elevation of rail by the rait- 
Voad levels on the draw is 58 feet. The water's surface at time of survey, 
September 30, 1876, was 21.4 feet below the rail ; the lowest part of the 
{draw was 17.8 feet above the water. After crossing the bridge there is 
m down-grade of one-half foot to the hundred for 900 feet, descending to 
P3.5 of the railroad levels ; then it is level 1,340 feet, until French's Slough 
Mb crossed ; then an up-grade for 1,800 feet, where the elevation of 62,5 
feet is reached, and this is the level of the rail on the bridge over the 
** oW channel," and across Minnesota Island, and over the present main 
Wnnnel of the river, 

r Substructure. — Commencing with the trestling in the Black River ap- 
proach (the trestling rests upon piles sawed off near the surface of the 
"water), the bents are 16 feet apart from centers, except for the last 100 
;feet before teaching the Black River draw-span, where they are but 13 
feet apart. Each end of this draw-span rests upon a pier of three rows 
I 6f capped piles at right angles with the axis of the briilge. The center 
' pier is of masonry resting on piles. It is 27J feet in diameter ou top, 
j *ith a batter of one-half inch down to one foot below present water's 
tarfWe, where there is an offset of 6 inches. The top of the masonry 
is 11 feet 7 inches above present water, and 9 feet 10 inches below top 
of rail. The draw-span rests, when open, upon three rowsof piles, above 
' and below the bridge- Detached ice-breakers are placed above the up- 
I per guard-rest, and above the pile trestling. The trestling between the 
I draw-spanoverBIackRiver and the "old channel" rests upon piles sawed 
: off about three feet above the surface of the ground. The bents are 16 
i feet apart from centers. The piers of the bridge over the " old chan- 
nel" are six in number. The two standing on the banks are 22 feet 
long and 5 feet wide ou top. The four standing in the " old channel " 
are 6 feet wide on top under the coping and 22 feet long, with a trian- 
gular starling on the up-stream end. The foundations of these piers is 
a grillage, 2 feet below low water, resting on piles. On this are three 
heavy courses of stone, making offsets of 6 inches- The cutwater of 
tiie starling then begins, and rises with a slope of 1 upon 1. The batter 
of the pier is 24 upon 1. 
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Tie top of the piers was 21 feet 8 incbeR, and tbe top of rail on trestle 
»t pier ou Minnesota Island 23 feet GJ inclies above tbe water at time 
of our SQFvey. This trestle was Just built and tbe rail laid wben tbe 
measurement was made. 

The bents are 14 feet apart from centers. Tbe first pier on batik of 
the main channel is 21 feet long ou top (under coping] and 6 feet wide, 
with a batter of j inch to the foot. This pier bas no starling. Com- 
mencing at a feet below low water are three courses, each offsetting 6 
inches on all sides; under this a grillage of timber of two courses rest- 
ing upon x)ile8. 

The otber piers, except the rest-pier, east of draw, are of tbe same 
dimensions, except that they bare starlings. Tbe starlings are equi- 
lateral triangles whose sides equal the width of the pier. From a point 
10 feet above low water tbe slope of the starling begins, 1 ou 1, andia 
continued down to tbe first offset coarse. The east or left rest-pier is 
23 feet long on bridge-seat, 27 feet llj inches under coping, and abont 
38 feet immediately above first offset course. This course is 2 feet above 
low water ; the bottom of tbe masonry is 3 feet below low water. {See 
Diagram Z.) At the time of our examination the shore pier on the 
island and the first one in the river were tbe only ones completed ; tbe 
next pier was iu process of construction. The east rest-pier and draw- 
pier had the piles driven only. The piles had been driven for both 
guard-rests, and the upper guard rest built. This upper gaard-restis 
of 12-inch by 12-inch timber; it is 170 feet long and 32 feet wide, witb 
two side compartments S feet wide each, and a center space of IG feet. 
Tbe outer spaces were to be filled with stone. The bottom of tbia rest 
is 9J feet below low water. The starling eommencea 1 foot above low 
water, witb a slope of 1 on 1, which is carried up to 10 feet above low 
water. The whole height above low water is 17 feet i inches. The 
pivot-pier is of masonry, and of the following dimensions: At 2Jfeet 
below low water, 33J feet in diameter; at 10 iuobea above low water 
(tbe top of offset courses) the diameter is 31 feet 3 inches ; and at 15i| 
feet above low water (just under the coping), 30 feet ; on the top {17 feet 
10 Inches above low water) tbe diameter is 31j feet. 

The piles in tbe main channel under tbe piers were driven by a 
"Nasmyth" hammer to a depth of abont 40 feet below bed of river; 
those under the other piers were driven by a common pile driver to » 
depth of from 20 to 25 feet. 

Superairuct-ure. — The superstructure, as far as erected at time of ont 
aurvey, is as follows ; The draw-span over the Black Kiver, 310 feet over 
All, is all of iron, except the floor-beams, which are wood. It is about 
22 feet high at the ends and 30 feet at the center. It bas 11 panels eaci 
side of the center pauel, which is 19 feet. This draw is turned by mea 
with levers. But one of the openings can be naed by rafts or steam- 
boats, the right-hand one being obstructed by a shoal above, and bj 
the wbarf of a sawmill immediately below. The draw is but little used 
by boats, the river being navigable for only a short distance above tbe 
bridge. The apace above tbe bridge is used as a winter barbor aud 
repair basin, aud large shops are located there. This draw-span was 
required by a law of the State of Wisconsin. Over the "old chauneP 
there are five spans of iron, built by tbe American Bridge Company of 
Chicago. These spans weigh abomt 70 tons each. They have each 10 
panels. The height of truss is 22 feet. The floor-beams are suspended 
from tbe foot of the posts. These tnisaea seem very light, not quite 
1,000 lbs. to the running foot; the ties cross one panel, or what is 
termed single intersection. This and the railway bridge at Louisiana 



y^brren's Stpor^- ^Mjfjj^ .Waittijapi Jtimer.' Mi^ra^n Z, 



rSBSTLE BENT. 



-.(miwJtaJ Inni'mJ lp:Jt™''™^ 



ATIQNS OF PIER 3. 




'•«■ « 



"^- w . ,^. 



m 



I . : 



BRIDGISG THE MISKISSIPPI RIVER. 85 

the only iron bridges on this river that are built with diagonals of 
ungle- panel length. 

Accessory tcorks. — The location of this bridge at a point where the 
river was divided into two nearly equal channels matle the closing of 
the left or "old channel" to the east of Minnesota Island necessary to 
insnre the navigation of the other, where the draw was placed, A 
dam was built at the head of the island, about 1^ miles above the bridge. 
It is inclined npetream from the head of the islaud, and is about 1,600 
feet long; the width of the water-way closed ia about 900 feet. 

The head and shore of the island for a distance of about 3,800 feet 
have been protected by riprap. At a point about 3,000 feet from the 
head of the island the water broke through and ran into the " old 
cbannel." The difference of level in the two channels being a little 
over 1^ feet in a distance of 800 feet, gave it a rapid velocity. This 
opening was closed with brush and riprap. This dam was built in very 
cold weather in the winter of 1875-76. The ice was cut on the line 
adopted for the dam, and a row of piles driven on the lower side. 
Against these were placed mattresses of brush and hay loaded with 
ntone, and welt covered with riprap after it reached the height of a few 
iteet above low water. Although it was a success, it was a difficult and 
expensive operation. The thermometer being much of the time below 
tero, the ice formed rapidly in the opening made, so that it was imprac- 
ticable to work along the whole lino at once and cover tlie whole bottom 
Ttith a layer and then follow it with successive ones. The work carried 
on from the ends caused deep scouring in places, and largely increased 
the amount of material required. The ice-bridge did away with the 
inecessity for boats, but this advantage was more than lost by the trouble 
the cold and ice gave, and by reason of the short days of winter. The 
dam withstood the succeeding high water, and in low stages confined 
all the water to a single channel, aud required its enlargement in order 
to restore the former area of section and velocity. With this require- 
ment suddenly forced upon the new channel, it became engorged, and 
ilts slope and velocity increased. A more rapid movement of the sandy 
bed resulted, but stiil the latter motion was slower iu effect than might 
have been expected. The consequence was, but a gradual change iu 
line of the deepest water as the sand-bars moved down the stream, and 
sometimes the situation of the bars was such, with the water drawing 
directly over them, that it became a matter of difficulty for boats to 
follow the deep water between the bars. At the time of our examina- 
tion the conditions were more favorable to navigation than they had 
been for some time previous. 

It would have been more judicious to have waited until the new 
regimen had been established before building the bridge. It is contrary 
to good river engineering practice to suddenly close so large a channel 
Rt once, as was done iu this instance. The proper way is to lay down a 
layer of mattresses about 2j to 3 feet thick, weighted to hold them iu 
iplace, entirely across the channel it is proposed to close. This would 
fixclude but a part of the water, and while forming a receptacle for sand 
to lodge behind would force enough water into the other channel to 
produce a proportionate enlargement. After this object is reached 
another layer may be put across the channel to be closed, and its effect 
awaited. Perhaps the nest time it might be closed entirely, but if not, 
the same process should be gradually continued until the end is reached. 
If the channel to be closed is of considerable length and capacity, layers 
of mattresses should be used along it at other points than the head. 
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INFLUENCES ON NAVIGATION. 

When our esaminatious were made, the liglit draw space ^ 
only 0116 available for either boats or rafts by reason of the existence j 
a bar extending from near the upper end of the guard-rest to the li 
bank of the river. The maximum current iu tliia spau was as great|i 
4J miles per hour. \ 

During the summer the passage of the piers and accessory wort! 
had beeu attended with delay to boats aud mauy accidents to rafts. 

The bar ou the right-hand elde of the channel above the bridge had 
at one time advanced down stream so far as to leave only a narrow 
channel between it and the bar immediately above the bridge. The 
crossing from left to right bank between these bars was nearly at riglil 
angles with the channel above, and iu running it rafts would sometimea 
be carried by the current upon the bar below, or upon the upper goaid- 
rest. At the time of our examination there was a channel through tlie 
upper bar feet deep, by which the approach to the bridge was nearly 
direct. 

Great irregularities were found in the cross-section at the bridge, tbe 
right draw space having a depth of iiG to 28 feet, while in the other spana 
there was not over II feet ; and in the sections above and below the 
bridge, at a distance of 800 to 1,000 feet away, the maximum depth was 
but 14^ feet, showing a probable scour of not less than 13 feet ia tlui 
channel at the bridge. In soiindiog from a short distance above dovi 
through this draw opening the bottom appeared very irregular, thea 
being one or more ridges with not more than 15 feet water upon themT 
these ridges seemed, from the limited examination given, to be oovorea 
with stone. This channel was fast increasing in width by underminiag 
and caving of the bank until it was protected by a line of utiles and rip' 
rap. 

The current approached the axis of the bridge at an angle of 15^ witli 
the axes of the piers, except near the middle of the right-hand draw 
opening, where it was nearly direct. Immediately below tbe lower giiaril- 
rest the current sets toward the left bank. 

ALTERATIONS TO LESSEN OBSTEUOTIONS TO NATIGATION. 

Whether any such will be needed, and to what extent, can only b* 
found out after the work is completed, and we shall have to await tiie 
completion of the enlargement of the single channel before we can judge 
how the bridge will affect it. 



HIGH BRIDGE. 



By moving the site of the bridge about one mile above its preaf 
location, a high bank on the right side would furnish an approach to 
high bridge. The opposite bank would be low. A high bridge at this 
point, on account of the rise being about IG feet from low to high watCi 
should be 75 feet above low water, or 59 feet above high water. 
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PBAIRIE DUCHIEN PONTOK RAILWAY BRIDGE. 

(Opened tot railwaj travel April, 1ST4.) 

Authority. — lu tbe act approved July 25, 1S66, sectiou 6 provided "for 

bridge from Prairie du Ghieu, Wis., to North McGregor, Iowa, subject 

» the same conditions" as fixed for the bridge at Quincy. This bridge 

Was never built, probably because the division of the river into two good 

Navigable channels, required two draw bridges. 

I'eculiar condition, — The river at this point is divided by an island, and 
Ib about IJ miles in width from shore to shore. Before the building of 
the bridge, passengers and freight were transferred by ferry which had 
io go aroand tbe head or foot of this island, making the distance from 
nnding to landing nearly i miles. The freight cars were transferred on 
H>ata built for this purpose. This mode of transfer was slow and expen- 
ive when the river was clear, but when the ice began to form, and 
>efore it got sufficiently strong to cross upon, was very slow and diffl- 
^It, and insomuch that sometimes nearly all the rolling stock would be 
accumulated at this point. Again in the time of the breaking up of 
the ice in the spring there was delay, though not usually so long as in 
the fall. To shorten this ferriage a pile-bridge was constructed across 
the island, and a boat used in each channel. From this time on, a train 
IS run across the island from one channel to the other. 
Id the winter of 1868 or 1869, after the river had frozen over, piles 
Nrere driven across both channels and the trains ran through without 
4elay until the ice broke up in the following spring, when the ferry was 
tt^in resorted to. This continued nntil April 14, 1874, when the first 
*tralD passed over tbe present pile and ponton bridge. A bill to legalize 
fthis form of bridge was introduced into Congress, and, on reference to 
■fte War Department, was reported upon favorably by Coi. J. N. Macomb, 
^nit«d States Engineers, May 6, 1874. (See Annual lleport of Chief of 
ilEngineers for 1874, Part I, pages 680-682.) The act was passed ; ap- 
iproved June 6, 1874. 

DESOEIPTION OF RIVEE AND VALLEY AT THE LOCALITY, 

(See Diagram 13.> 

The right bank of the Mississippi River is high, rocky, and steep 
ttcom the month of the Yellow River, 3 miles above North McGregor, to 
•about 3 miles below, presenting no practicable approaches for a railroad 
^Efrotn the west except at the towns of North and South McGregor. Op- 
Iposite the town of South McGregor the river is all in one channel. The 
trailroad, as first built to Prairie du Ohien, terminated opposite, and 
.bere was the easiest place to build a bridge. For some reason the rail- 
iroad changed the depot to about 2 miles up river to North Prairie da 
K)hieD and opposite North McGregor. Betweeu this new terminus in 
>f rairie dn Chien and North McGregor the river is divided into two 
•navigable channels by a large island, extending 3 miles up and down 
Hlie river. The width across here, including the space occupied by the 
island, is about IJ miles. At the time of ordinary high water the width 

JB about the same, but the island is completely submerged. Prairie du 
^hiei) is situated on a sand terrace, from which it derives its name, 
iVlost of which is above overflow, the higher parts as much as 40 or 50 

feet. Back of this sand terrace are high rocky bluffs, the distance be- 
itween the bluffs being about 2} miles. The current in this part of the 
'river is gentle. The rise from low to high water is 22 feet. The bed of 

the river ia sand, mud, and shells, and subject to but little change. The 
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(wrl of tbo iitlaod, over wliich the bridge crosses, is nearl; all 
i(flMl b; a t&ke, will) only a uariow gtri|> of land between it and tbe 

suavEYs. 

Iti OrtolRT, I80rt, wo made a survey of the river from the head of this 
IhIuihI to mid Iricliidiag the month of the Wiscoosin Kiver, a distance of 
7 ni)lr<«, Thin mirvey was of both channels, and covered all the river 
wlipin It WOH foatiiblo for a railroad to reach it from the west, tocon- 
iiti't Willi tbut iili-cady built to Prairie du Chien. So location for a 
Itrldu" ImvliiK tbvn been determined upon, tbe snrvey was general in 
Mt t'liarHCtcr. Tbo sloiie aud volume were measnred, and soundiogs 
WfiD lHk<>ii throuftbout the whole distance. 

til Oi'toltPV. IS'rt. after the comiiletion of the ponton bridge, a survey 
Mini (dmwvtttloiiB for the direction of the carrent were made, the water 
lit ihflt llino beinft about i> feet above low water. This sarvey wasooo- 
lliiod ti> tbo ImmttllAte vidnity of the present stractare. 

T^KSCTIIPTIO:^ OF THE BEIDGE. 

(St* Dii^TMa 14.) 

til tblH biiiliri^ the Ap)^roactae$and 6xed ponions across the chanaelg 

fltid Ifllfltid*, ntx> of tMl<>». Tbe openings in each chaonel, left forpasdng 

Vi>«Ni>lii flnd VHltn. Are fillf*! by stroog deck aoowg called pontoos, swang 

)llli4 ponilioo liw th<^« )M)<waf:e of traiDa, and left open at all other times. 

'I'hVNi^ lionii^n* li<^ athwart the stream, and not like pontons in ordinu; 

mihtaiy biid|i>>« m the direction of the stream. Tbe ponton in tbe last 

r>lin)ilt<M Ik nii^do b\ uniting ibree nrdmary transfer-SCO wk, rigidly, end 

111 i'«d, t'rti'h 1.11 fr'-t tone- -^ 'eet wids. and 6 feet deep, nuking, to- 

j,,,iii,-, n ii'iii-ili .M .;;•' fiN r TUc rHinioL in ilie west chanDel isasio^e- 

r'. ' ■"'■ it-et long, 2S feet beam, aodfifeet 

,1 V hen Hi positJou in line with tht 

, . , fr<*iteral dimction of the carrent 

, .,■■.,...,... .■.■.! .n TJte pouton is made last to a 

.1 t'l I'llfs iiniWH iftgethei I in such a maaa^ as to 

'. freely. Tl>e down-stream end is held in portion 

1 ■■■■ nofthi^r .liMnliiti On the dowBsrream end of 

• ■ , ■ , ^ ^1^, provided witii a drum 

:<<:> of ibi6 obain are fitst- 

1 tilt ponton wben closed 

■pen. When it is desired 

I rlit' drum and tbe correct 

THlenng aroDod the dram. 

>' I and tlte dram turned in 

- III.-; ■ itiTi. THiisitioD in the 

I - - ■■>!! lie rails 

- DO appli- 

: stages of 

■ .' i: iin by short 

,:~ inciiued jdaDes, 

■■ armu^ement an- 

■ arpi To meet [he 

'.■ ),^v i-n'M. *■ "1- Tipopssary to build two 

" -iNT sml <*e for \f^ ^vaiei . each about 2.100 

:*f»l^^*»Sf^^ Vii>g sn}.in^r;r«l in ttme (rf high 
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In the west or McGregor channel the ponton is eo built as to allow of 
m adjustment for ditterent stages of water, so that one approach aervea 
br all stages. In this boat are two trasses running the whole length, 
ibese trusses rest upon the bottom of the boat and are 14^ feet from out- 
ide to outside. They rise about 5 feet above the deck of the boat. 
?he track is placed between these trnasea and adjusted for the different 
itages of water by being bloclied up as the water falls, and by the block- 
Dg being removed when the river rises. This ponton ia operated in the 
lame manner as that in the east channel, except that the steam engine 
a placed in a flat-boat 48 feet long and IG feet wide, which ia attached 

the lower side near the down-atream end of the ponton. 

' The west channel, being the most direct, and protected by the high 
duffs from winda, ia the only one used by the rafta going below this 
oiDt. To facilitate their passage tbrougli the bridge, and to turn the 
lOatiog ice into the opening and keep it from the pile-trestliug ap- 
ffoaches, a aet of dolphins have been driven above the bridge in Iiue.4 
running from the opening to either bank at a distance of about 1,000 
iSBet on east bank and 500 feet ou west bank, These dolphins consist 
jf 12 or a less number of piles driven in a close group, held together 
ly being waled near their heads. On the channel sides of these dol- 
(hins (extending 250 feet above the bridge on the west side, and 500 
Bet on the island side) there is a floating boom held to them by chains, 
niese booms, near the bridge, are composed of four sticks, laid side by 
dde; a little above, of three sticks, and then of two sticks, to their 
apper end. 

' In the east channel the only protection against ice is in dolphins at 
Sacli end of the openings, and twelve dolphins in a line to the shore of 
ibe island from the west side of the opening. All of these twelve but 
tie one nearest the island, were broken down last apring by the ice. 
Fhese dolphins, while of sufficient strength to withstand any ahock that 
hey will be likely to receive, except from ice, are wholly inadequate aa 
ce-breakers. It is probable that no ice-breaker constructed of piles 
done would successfully resist the jiressure of such ice-fields as they 
irould be subjected to in this part of the Mississippi. 

1 INFLUENCE UPON NAVIGATION. 

I This bridge ia practically no obatructiou to steamboat navigation. 
the current, at the time of our examinations, when the water was about 
t feet above extreme low, was but 1^ milea per hour in the eaat or Prai- 
tie du Chieu channel, aud 3 milea per hour in the weat or McGregor 
Bhannel, down which the rafts pass, the opening being suCBcient for the 
largest ones. 

The booms above aid to direct the rafts into the opening when they 
Bre but a little out of direction, or when they strike at only a small 
Vngle, although they are sometimes considerably broken even theu. If 
in any way the raft gets such direction as to strike it at a large angle, 
it will be much broken up. Experience here shows that fixed sheer- 
booms cannot guide rafts withont anbjecting them to injury. 
■ The opening in the east channel is 393 feet on line of ponton, but the 
available dist^nc« ia but 34^1 feet between the two dolphins at the ends 
of the ponton. The clear distance at right angles with general direction 
of the current is this distance into the sine of the angle of 58*^ which it 
makes with the direction of the current — sine 58<^ into 345^203 feet as 
the available opening in east chauuelbetween the dolphins. The clear 
Dpening in the west or McGregor channel is the distance along the line 
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of tlie |H)DtoD into tbe due which it mukes with the general direction of I 
the current — siue 55° iuto 408^334 feet clear opeuiug at right angles 
to the geueral directiou of the current. These poutons are removed is 
wiuter, aud the opeuings tilled with pJHug, making a complete pile- J 
bridge, until the river opens iu the spring. 

OEKEEAL BEM:AHK8. 

This novel bridge was designed aud constructed by Mr. John Lawle 
of Prairie du Chleu, Wis,, to meet tbe practical wants of the transfer i . 
this locality. He has also bnilt one at Stillwater, Minn., across Saint 
Croix Biver Lake. It appears well adapted to places like these where 
tbe current is not strong. 

On Lake Chainplaiu is a similar bridge with a ponton draw .300 feet 
long, 30 feet wide, 12 feet high, draught 2 feet. It is connected by 
hinges with a pier, and is swung by means of chains. (See Vaa Noa- 
traud, vol. vi, p. 221, February, 1872.) 

Que of tbe difQculties in the application of this kind of bridge is the 
change iu level from high to low water, which in these localitieB ~ 
about 20 feet. Floating ice is another difficulty attending its nse, bl 
at these places the river closes and opens with so brief an interval i' 
moving ice that the inconvenieace is not long felt, although it is darii 
its continuance the greatest trial to which tbe bridge and its mana 
ment are subjected. 

There appears no reason wby ttie pontons could not be made in the 
orditary manner of several boats lying, when in position, in the direction 
of the current and supporting a coutiuuoua truss on which to receive th ' 
passing trains. Such an arrangement could be made to give greati 
lateral stability with the same dotation than the method used by Ufl 
Lawler, and while iu position small cakes of floating ice and drift of < ' 
dinary kiud could readily pass. 

HIGH BRIDGE. 

A high bridge at this place would have to be 77 feet above low water, 
It would have high ground for the McGregor approach, and on tlie 
Prairie du Ohieu aide tbe ground is above high water. It would have 
to have high, long spans over both channels, and it would make a very 
long, expensive bridge. The location at South McG regor would avoid 
this, the river there being all in one channel. Another good location 
for a bridge would be found at the mouth of the Yellow Biver. The 
valley of this stream would furnish a location for a railroad with ei 
grades and good alignment, both of which are wanting in the McU-rej 
ravines. 

DUBUf^UE RAILWAY DEAW-BRIDGE. 

(Opened for travel Deoember, 1363.) 

Authoritif.—Thia bridge was built in 186S by the Dubuque and Dun- 
leith Bridge Company, under act of Congress approved July 25, 1866. 

DESCRIPTION OF THE RIVEE AND VALLEY AT THE LOCALITY, 



It crosses the river from Dunleith, III., to Dubuque, Iowa. Tbe Mis- 
Biaaippi at this point is about 1,700 feet wide between tbe banks ; above. 
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ior 2,000 feet, it is about 1,300 feet wide. Immediately below the bridge 
^e widtli iacreaaea to upward of 2,000 feet. 

The bigh-water width of the river ia about i,000 feet. The left bank 
ialiigh aiid rocky. Au attempt was made, betweeu the years 1833 and 
1857, to confine the river at Dubuque between ita low-water banks, in 
all stages, by building a levee along the right bank from a point just 
fcbove the site of the bridge to the lower end of the city of Dabnqne. 
Some of the streets of the city were extended out to it and through 
tliese streets small openings were left to allow for the drainage of the 
tity and bottom land. Through the low land thus leveed ran tbe outlet 
ot'Lake Peosta. This lake is of considerable extent even at low water. 
Itteceives the drainage of a considerable section, and at times of high 
Vater becomes a part of the Mississippi itself; the water coming into It 
over the low bottom land between it and Eagle Bluff 3 miles above the 
tite of the bridge. There is a eaw-mill located on this lake, the logs for 
Thich are brought in from above at time of high water. The openings 
left in the street extensions were too small to carry off the water brought 
In through this lake, and a portion of the levee was carried away below, 
Ud another opening made above Seventh street extension, at the first 
kigh water succeeding the completion of these improvoiaeals. This 
atter opening, called Seventh Street Slough, is considerably used by the 
mnbermea to lay up lumber rafts uutil they are ready to haul out the 
nmber. The works of embankment in Dubuque greatly contract the 
ifltural water-way at high water at the site where the bridge was after- 
rard built, and consequently at this stage the Hood-water pouring into 
tie narrowed water-course from the right side above the bridge, pro- 
lucee a marked change in the course of the current of the main stream 
nom what it is in ordinary and low stages. Ko attempt has since been 
lade to repair the levee or close the openings in the dikes, and this 
■ttnld be impracticable unless the work of leveeing were carried up to 
legle Bluff, exclndiug the river water from Lake Peosta, 



A survey of about 4 miles of river in this vicinity was made by us in 
iptember, 1866. The location of thebridge had not been fixed, so no 

Moial examinations were made at any particular locality. This sur- 
ly showed that the river had a good navigable depth, small slope, O.l^d 

K>t to the mile, and consequently slow current, it being in this respect 
^ood point to bridge the river. An examination was made in 1S68 at 

^ne of low water when the bridge was nearly completed, and another 
1869 when the water was high. The rise from low to high water at 
lis place is 22 feet. 

DESCEIPTION OF BRIDGE. 

(See Diagram 16.) 

Approavhes and arrangement of spans. — The bridge approach from the 
Ekwa side is over bottom land or trestling, for a distance of 2,400 feet ; a 
Oition of this distance is on a curve of about 1,400 feet radius. The 
*8t pier is placed upon the old levee at a point 12o feet back from the 
*Qal low-water shore line. The next pier was built in the river at what 
>t the time of our examination was a dry sand-bar, the river being 3J 
^t above extreme low water. The other piers stand in the water. 
Xhe spans commencing at the Iowa shore are, first, four of 225 feet from 
tenters; then one of 250 feet from centers; then a draw-span, 300 feet 
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over all, with clear openings of 160 feet ; then a s^an of 230 feet rew 
ing to the Illinois abuttneut. One handred and fifty feet from this ab 
ment is the entrance to a tunnel S35 feet in length. Tbia tunnel is 
feet wide, 13 feet high, and is on a curve of about 025 feet radr 
This bridge takes up only so much of the waterway as ia occupied 
the piers, the fall width being allowed for the passage of Qood-waterti 

Sitbutnicture. — The masonry of the piers rests upon grillages plM 
upon piles which are sawed off about 10 feet below low water. wlM 
the water was deep enough. The dimensions of pier So. 4 (see Diagc 
A'), counting from the one on Dubuque levee, are as follows : 24 I 
long on the bridge-seat, and 7 feet wide, with a batter of one-half id 
to the tbot vertical. At a point about 13 feet below the bridge-seat there 
a band course projecting 4 inches; below this course the upper end ia 
ished as a starling, with a slope of 4 inches to the foot on the nose. 1 
horizontal sections of these starlings are equilateral triangles witbt 
exposed sides hammer-dressed. The lower end of the pier below t 
band course lias a semicircular horizontal section. Above the be 
course both ends are finished as sections of cones running about li 
way up to the bridge-seat. The bottom of the masonry in deep wal 
is abont 10 feet below extreme low water. At this level the pier 
about 50 feet long and 12 feet wide. 

Riprap was placed abont all of the piles to an extent: deemed a 
cient to protect them against scour. Tbe draw rests are timber crH 
built above high water, with compartments filled with riprap. "' 
cribs were placed upon the bottom of the river and protected by ripra 
At the next high water, sand scoured out beneath and let the ripr" 
down, and when the water fell the sand was deposited over the ripHf 
Additional stone was put in of IJ cubic yards in size. 

Superstructure. — The superstructure is of irou, built by the ! 
stone Bridge Company, of Pittsburgh, Pa. All the parts of the dravtf 
ofwroughtironjin the other spans castiron is used for the upper ohorfT 
and the head and foot of the posts. The draw is opened and cloaed by > L 
small engine resting upon the drum of the turn-table ; it is also providwl 1 
with apparatus for turning by hand. The engine drives a horizontal I 
shaft', geared to a vertical shaft that turns the draw by cogs around tbe 1 
perimeter of the drum. In attempting to open this draw-spaa in ahigb I 
wind the engine proved of too little power to control it. In it3 coarse 
it struck the plates on the rest-pters and tore them otf, and displacet^ I 
part of the coping of the piers. The engineer attempted to stop tbe 
draw by reversing the motion of the vertical shaft, but it was torO 
from its fastenings to the drum. This occurred in the first year aft**] 
the bridge was opened. It was then proposed to replace this engig""^ 
with one of more power, bat I do not know what has been done. 

INFLUENCE UPON NAVIGATION. 

Our examination of this bridge in November, ISGS, was when tb^ 
water was 3.7 feet above extreme low water, and its masimnm velocity 
about 2 miles per hour. The general direction of the current througt* 
the east draw -opening was nearly parallel with the axis of the piers. It*- 
the first span to the right of the draw the currents set toward the righC? 
at an angle of about 10° with the axes of the piers. This span is gen- 
erally used by rafts. At the time of onr examination in 1869 the water' 
was 13.2 feet above extreme low water. The maximum velocity was 
through the draw-spans, and was about 3 miles per bonr. The general 
direction of the current through tbe east draw-opening, at that cime, 
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3 as angle of about 5^ with the axes of the piers. Througli the 
Bfit draw-opeuing the general direction taken by floats was nearly 
ballel with the axes of the piers. The change in direction betweeo 
nr water at the time onr first observations were made, and at high 
Bter when our second observations were made, was considerable. But 
E each stage one of the draw-openings was available, with current direct 
iToagh it. At low water the left draw-opening was the better, and at 
uli water the right opening was the easier to run. From the right 
itnk, at time of high water, the current sets toward the center of the 
JHdge, 80 that floats put in opposite the span next Dubnqne, 1,I.)00 to 
|B00 feet above the bridge, passed through the fourth span from the 
bva shore at an augle of 25'^ with the axes of the piers. This was 
insed by the curreut setting out of Seventh street slough immedi- 
Bely above the bridge. The current through the long span next to the 
Eht draw-opening was practically parallel with the axes of the piers. 
pe span next the draw on the left or Illinois side cannot be used for 
|fts floating with the current on account of a bank built out, aud for- 
merly used as a transfer landing, about 400 feet above the bridge. If, 
)om this point, a hue be drawn in the direction of the curreut (nearly 
tedlel with the piers) it will cut off 150 feet of this spau, aud this is 
factically equivalent to reducing the width for raft navigation by that 
(Bount, which renders the whole useless. This span, if its full width 
^ been made available to rafts, would have been very useful. 
iThe passage-way provided for steamboats is as good as a draw-bridge 
h the site permits, unless by proper recliticatiou of the Illiuois shore 
i lad been made so that one draw-opening could be placed next to 
i This would have been esx>ecially desirable at this point, which is 
ke where the wind is very troublesome to boats passing the bridge. 
i wonld have brought the 250-feet spau, which is ou the right of the 
taw-opening, lOO feet nearer the center of the stream, and rendered its 
Be by rafts more easy. 

ALTERATIONS TO LESSEN OBSTRUCTIONS TO NAVIGATION. 

Sheer-booms. — The board of engineers recommended that a sheer-boom 
^W feet long be placed with its lower end abuttiug against the i)ier 
a the right of the Iowa 250-feet span, and to extend up stream on x>ro- 
nigation of the axis of the pier, so that it can be swung to sheer rafts 
^to the right raft span, or into the right draw-span. Those represent- 
Ig the raft interest before this board asked for booms on other piers, 
nt as they would interfere with the passage of the bridge by steam- 
jwts, they were not recommended, 

Lengthening of left reatpier. — This pier should be extended up stream 
Do feet in the direction of the current. This extension should be 4 feet 
boTe high water, aud built of timber with its sides smoothly plauked. 
f this were built boats could " round to " and drop through the bridge 
^Qgside of it avoiding the now frequent delays on account of dark- 
WBsorhigh winds. 
^ HIGH BRIDGE. 

L This place is one of the most favorable for a high bridge ou this part 
K the river. The left bank is high close to the shore, and high laud 
ffpoaite is but one mile distant. The provisions for clear headway of 
fo feet above high water, which is 77 feet above low water, would give 
^ opportunity for all boats to pass under it that can pass the bridge 
psithit Louie. (See Chap. III.) 
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I »ct a( Uoiiftress approved March 3, 1875, authorized the const 
tii ii |tlltt Ruit [wntoa bridge acroHs the Mississippi River at ori 
vil,v »!' l)iil)U(iue. Iowa. The propoaed plan aiid location were sab- 
^ *wl l»> Iho Secretary of War. A board of engineers — CoL J. S. 
1^ ^ ^ ■hiihU, l>^oltid(^nt — was coavened to consider and report opon them. 
M • ^ ^ liiMHil oUjecU'd to the first and secsond locations, which were near 
" * ^^ l«v«uiit ttrldgv, but approved of tJie third, which was at £agle Blnffl, 
V'* « »illi'» ttlwvp. (See Annual Report of the Chief of Engineers for 

v4 J. * », r«rr 11, pji. 308, 313.) 
^'^^^"' • ''■ hrldg« has not been built. ^ 

CLINTOH RAILWAY DKAW-BBIDGE. ^M 

tOpened ftar mlny ttkvd in JanouT-, 1SES>,) ^^| 

A ♦#'*'>»'/* — Thii Iwidge was built by tbe Albany Bridge Company 
!««■ Hiit)i(irl(,v o( the le^datareis of tlie Stace«ot lUinois and Iowa. 
;Vw^ |*><llh)M over the east channel and LiRte Back IsUedvasboiltai ' 
<■ -■kinrnlloll Mtina tisMi nnvrioiM ta An baildiBS of that nnrtinn oa 



} 



1- ,i|tnrnlii)i) MHHo time previous t« the baildia^ of that portion 



kVk*k ^^ **"' *''"">"^< ^ tnuMfkr orw tUatatnK nade by ferry. 
\irt»* •*'*'' " f'^l-JWHe by aot <tf Concraas afffti d February 27 
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SURVEYS MADE. 

arrey of the Mississippi at this bridge was made bj me iu Octo- 
866, at a time of ordiuary low water, and all the inforniatioD that 
be obtained at this stage of water was secared. Both banks were 
lered from Fulton and Lyons down abont one mile below Clinton, 
ver soanded, and current observations taken at the bridge. Cur- 
ibservatioDS were again made here in May, 1867, at time of high 
, and again in November, 1868, when the water was low, at the 
)f the rebuilding of that portion over the east channel. 

DBSORIFTION OF BEIDGB. 

(See Diagram 18.) 

nmencing on the left or Illinois shore, there is 1,390 feet of wooden 
lug iu the approach to the bank of the river; then there were at 
' spans of wooden trusses, each 200 feet long ; then a causeway 
eet long across Little Rock Island to the Iowa channel. The 
is channel thus bridged was crossed at an angle of 74° with the 
»l direction of the channel, so that these spans of 300 feet from 
ra were practically narrowed to about 1S)0 feet, measured at right 
s to the current, and this was decreased by the width of piers and 
ctioD of riprap to 160 feet. The riprap protection was raised to 
; 3 feet above low water ; the available width above this stage was 
ically about 180 feet. The span next to the Illinois shore, the one 
by rafts, had this width available for all stages above 3 feet above 
rater. The headway at time of high water was about S feet under 

spans. At the time of our survey, in 1866, this bridge was in very 
londition, the piers, built with a core of concrete, were cracked in 
al places, and to support the spans temporarily various devices 
)een resorted to. The trusses, which were of that pattern known 
sCallum's, were decayed in many parts, and a large number of tlie 
loals were split and broomed where they abutted against the angle 
:8. 

1868 and 1869 this part of the bridge was entirely rebuilt; the 
ipan next to the Illinois shore was replaced by an iron truss ; the 
ining portion, 1,200 feet to the abutment on Little Koek Island, 
replaced by 8 iron spans of 150 feet each ; the new piers were 
ler, 9 feet wide on top, of masonry, resting upon piles. The 200 
ipan and the two adjoining 150 feet spans were built by the Amer- 
Bridge Company, of Chicago, on the Post pattern. The next two 
) were built by the Detroit Bridge Company, Detroit, Mich. ; the 
two, by the Phtenixville Bridge Company, of PhwnixviHe, Pa,; the 
two, by the Keystone Bridge Company, of Pittsburgh, Pa. The 
ax are of the Pratt truss pattern, 

e bridge over the Iowa channel, built iu 1864-'65, consists (com- 
ling at Little Kock Island) of one spaa 174 feet and 200 teet of 

; then a pivot draw-span of iron (Bollman) 300 feet over all, with 
)eDlag on the east side of pivot-pier of 119 feet at low water, and 
if 128 feet on the west side; then a span of 174 feet to abutment oa 
owa shore (this is of wood) ; then a short pieoe of embankment. 
bstruoture. — The piers in the east channel, before referred to, are of 
mry, resting on a grillage which rests upon piles sawed off below low 
r. The pivot-pier and guard-rests are combined in one large crib 
1 400 feet long and 35 feet wide. The left rest-pier is also a crib 
^j^jtone, 140 feet long and 25 feet wide. The excess in widttv 

■- 
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of tbese cribs over wbat would be proper masonry piers is taken ironi 
the clear openings of the draw-apau. The right rest-pier is of masourj; 
this opening is 128 feet, while the left oi)ening is bnt 119 feet. The low 
est part of the draw-span ia C6 feet above high water. The draw ia 
turned by an engine placed on the truss above the roadway. This was 
the first draw on the river turned by steam-power. 

INFLUENCE Ul'ON NAVIGATION. 
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Steamhoats. — From the time of the opening of navigation, March, ISM^i 
considerable delays were experienced by inability to pass it in time of' 
high winds and dark nights. Vessels were compelled to wait during 
the prevalence of a high wind sometimes as long as two days at a time, 
Damages to considerable extent were suffered in passing the bridge, 
and, in consequence of these and the injurious delays, suits were iasti- 
tuted or threatened against the bridge company. 

The effect of this bridge upon navigation is stated in my letter to tlie 
chairman of the Senate (Committee ou Post-Oftices and Post-Koads, dated 
February 5, 1867, which appears in Chapter V of this report. The sab- 
sequent examination made at high water showed that the direction ' 
the current was not essentially diflferent from that at low water, but tl 
the eddy above the bridge near the west shore was much larger a 
stronger in high water, making the approach to and passage throQgli 
the draw-opening more difiicnlt. 

Several steam sawmills have been erected on the right bank below 
the bridge, which, like all mills or furnaces, make at times dense smoke 
and bright lights, that greatly interfere with the safe navigation of the 
river in their vicinity, aud add to the difficulties iu the passage of tbe 
bridge. 

The difficulties which steamboats encounter in passing this bridge, ap- 
pertaining especially to it, may be summed up as follows : the narrow 
draw-openiug, 119 feet in the clear ; the eddy above the bridge, whieli 
makes the course of the current to continually change, aud the carve in 
the main channel where the bridge crosses. These are sufficient to piA- 
vent steamboats passing in time of high winds, to which this part of th* 
river ia very liable, and in dark nights aud thick weather, the effectO^ 
which is intensified by the mills located near it. 

Bafts. — This bridge is now a greater obstruction to the passage d^ 
rafts than it was at the time it was legalized in 1867, because of the 
change which has taken place in the method of rafting. Formerly tirt 
rafts were all managed by men using large sweeps, and the passiDg 
under the low bridge across the Illinois channel did not interfere with 
the control of the raft, but now the larger number of the rafts are inw- 
aged by means of small steamboats, and they cannot pass under tlM 
bridge. Tlie raft has to be dropped near the bridge in the llliuois chtui- | 
nel, and the steamboat goes around the head of the island and passes 
through the draw-opening in the bridge over the Iowa channel. The 
bridge over this channel does not furnish suitable openings for the pas- 
sage of rafts in its present state, though near low water the rafts are 
sometimes separated into smaller parts and dropped through thiachao' 
nel by the boats. 

The spaces between the piers of the bridge over the Illinois channel 
are not sufficient lor rafts, for which this is the usual channel. 

The difficulties attending the passage of this bridge by rafts are set 
forth in detail in the report of the board of engineers ou sheer-booms, 
dated Saiut Louis, Mo,, February 2, 1877. (See Annual Keport Chie f ot 
Engineers for 1877, vol. 1, p. 817.) 
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ALTEEATIONS TO LESSEN OBSTEDCTIONS TO NAVIGA'J'IOH. 

Althongli it is probable that an entirely new and different bridge will 

) reqnired to meet the wants of navigation if the principle is to be car- 
led out which was enunciated in the report of tlie House eommittee 
a 1858, of which the Hon. E. E. Wasbburiie was chairman, "that any 
tridge la a material obstriictio7t which is susceptible of being essentially 
inproved," still there are a number of changes that can be made in the 
Present stiuctnre that will make it less of au injury to navigation than 
P now is. 

•Sheer-booms. — The board of engineers upon sheer-booma, to facilitate, 
lie passage of rafcs, recommended that a fender be built along the bank 
bave the bridge over the Iltiuois channel to prevent rafts being drawa 
lto the timber on the bottom at time of high water ; that a flsed boom 
e> placed from the upper end of the pivot-rest in prolougatiou of its 
ast side to the shore above, and that another flsed boom be placed 
Horn head of the pier east of the first span east of draw to the head ot 
attle Rock Island. These booms are to be so constructed as not to in- 
Sofere with steamboat navigation, and it was thought that the boom rnn- 
|Dg from the upper end of the draw -rest to the Iowa shore would tacili- 
lite the passage of the bridge by boats. 

' Straightening the channel. — A further improvement, and one partica- 
fcriy desirable in the present arrangement of the draw-spans, would be 
iptting off the point of rock above the bridge on the west bank, and fill- 
bg out the hollow of the bend below so as to destroy the eddy that now 
Dakes the passage of the draw difficult. To cut offabout ITOfeet of the 
©int down to feet depth at low water, requires the removal of aboat 
Q,000 cubic yards of rock. The material excavated could be used in 
naking a new bank in the bend below in prolongation of the west rest- 
eer. This it is believed would make the west draw-opening available 
rfaen the obstructions placed below it by millowtiers and others are re- 
BOTed, and make unnecessary the sheer-boom lo the Iowa shore rec- 
Hnmended by the board of engineers. 

J Bebuilding east rest-pier. — This could be done by removing it down to 
»-fM>t below low water, and replacing it by a stone pier of the usual di- 
Uensions, which would add about 10 feet to tbe width of the east draw- 
l|ieBiDg. This could be done without interrupting travel over the 
Indge, and without great expense. 

■ Suilding new draw with wider openings. — A much greater improvement 
Irould be to remove tbe present draw and the fixed span next east of it, 
nid replace them by a draw having openings of 160 feet in the clear, 
be same width as has been required in tbe other bridges on this part of 
he river, and put a fixed span over the present west draw-opening. To 
n this would require building a new pivot-pier east of and alongside of 
^e east rest-pier, and a new east rest-pier. This can be done without 
iterrupting navigation, and with but little interruption to the travel 
ver the bridge. This change would make this bridge as good for uavi- 
l^tlou as any draw-bridge on the river, aud would do away with the 
i&eeeasity for the previously suggested changes. 

As all of the spans over the Iowa channel, except the draw, are of 
Vood, they must soon be rebuilt ; and the piers also are of such nature 
w to require rebuilding before many years. 

HIGH BBIDGE. 

At this place a continuous bridge should be about 58 feet above high 
»ater, or 77 feet above low water, the natural location for wViifife.\a«.^ 
Fulton or Lyons. 

S. Ex. 69 7 



98 BRIDGING THE MtSSISSlPPI BIVER. 

PROPOSED BRIDGE AT CLINTON, IOWA. 

The act approved April 1, 1873, autborizeil the Chicago ami Quiucy 
Bailroad Compauy to build a bridge aC this place, and provided in sec- 
tiou 4 that it should be available to all railroads desiriug to nse it, on 
Buch terms aod conditions as might be prescribed by the Secretary of 
War. Section 6 made the control of the Secretary of War over this 
bridge greater than had been defined in any previous act, and deflDed 
the reserved authority of Congress in compelling future modificatioas, 
if required by the interest of navigation. 

The act of Congress approved June 4, 1873, made these requirements 
applicable to all bridges to be coostrocted thereafter across the Missis- 
sippi Eiver under any act of Congress. These provisions are eopie*i i" 
full in this report in giving an account of the bridge at La Crosse, Wis. 

Section i of the act approved June 6, 1874, pravided that the bridge 
authorized to be erected across the Mississippi Biver at the town of 
Clinton, Iowa, by act approved April 1, 1872, " may be coustrncted and 
maintained as a pile and ponton bridge," and on September 39, 1874, 
the Mississippi Union Bridge Company submitted the plan to the Sec- 
retary of War. The Chief of Engineers, on being directed to report 
upon it, subioitted the matter to a Board of Engineers of which Col. J. 
N. Macomb was president. The Board reporte<l on the 8th of October, 
1874. (See Aunual Eeport of the Chief of Engineers for 1875, Part II, 
pp. 682-fl84.) 

The Board recommended some minor modifications in the proposed 
bridge, but it has not yet been built. 

THE NEW ROCK ISLAND BRIDGE. 
(Tested May 8, 1672; opened for railroad travel Ootolier 8, 18720 
This bridge, bnilt by the United States (partly at the expense of tlie 
railroad company), presents an anomalous case, and, as far as it ia a 
precedent, deserves more notice in this report than any other. Its loca- 
tion and general design were controlled by a number of imporWnt 
requirements, all of which were known, and being bnllt under officers 
of the government, there is no consideration which inflnences the pres- 
ent form of this structure that may not be fully and positively stattd. 
Such is not the case with bridges built by private corporations, where it 
is impossible to know what relative value was given to couaiderations of 
a public and general or of a private and local nature. We will therefor* 
begin with an account of the first steps towards its construction. 

PRBLIMISARY STEPS. 

The old bridge having been shown to be a serious and nnnecessarj 
obstruction to navigation, Congress, by act approved June 27, 1866, M 
establish an arsenal, &c., authorized the preliminary steps to buildings 
new bridge and removing the old one. The questions with regard W 
the change of the railroad were referred by instructions from the Chief of 
Ordnance (General Alexander B. Dyer), September 21, 1866, to the com- 
missioners appointed under the acts of April 14, 1864, and June 27, I8661 
-whose duty was to ascertain the true value of the lands and property 
rightfully owned by those who would have to be dispossessed in adapt- 
ing the island to the use of an arsenal. This commission was directed, 
after hearing the parties in interest and taking the necessary testi- 
mony — 

To BugBcat tbe proper oliaofie in tbe location of the railrond and bridge, und Ibe 
kind of wagou-roud that Hboold be establiBhed, aud the kind of aid tiiat shunWL fairly 
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ind equitably he Rranted toward effoctiog these oitJecU. ' * * It is eaaential that 
[he nen location of the railroad shonld be mailu oa the lovrer ead of the iHUnd, aa laid 
donn on a plat to be farDisUed b; the uonnaaDdiag oQlcor of Bock Isluod Arseoal 
(General T. J. Rodman), 

The location, as thus laid down, was nearly tbat on which the new 
bridge was built, and its adaptability to the wants of Che railroad com- 
pany indicates that their views were consulted in making it. It was 
arranged for two spans 375 feet each from end to end over the maio 
channel, with bottom chord 50 feet above high water. The rise from low 
water to high water was set down as IC feet, so the gorge high water 
about 5 feet higher, occurring sometimes at the breaking up of the ice, 
was not considered. The trusses each side were to be deck trusses, 
-and provided for an inclination of the rails in reaching the higher 
9paii8. Alongside the trusses making the railroad approaches to the 
jiigb spans were other tnissea for the wagon-way, allowing of more incli- 
nation for the highway than for the railway, but both roadways crossed 
the high spans on the same grade. This commission consisted of Maj. 
Oen. J. M. Schofield, Mr. (General) James Barnes, Mr. Selden, and 
>Ir. Church. Their report to the Chief of Ordnance is dated February 4, 
1867. It was forwarded by the Chief of Oi'dnance with recommenda- 
tions and suggestions February 8, 18G7, and is printed as Sen. Ex. Doc. 
Ho. 27, Thirty-ninth Congress, second session. Dunng the investiga- 
tioDs of the commission, they obtained from Mr. 6. H. Johnson, the 
chief engineer of the Chicago, Rock Island and Pacific Railroad, an 
estimate of tlie cost of such a bridge as General Rodman proposed, with 
the substitution of high spans of ^50 feet from centers of piers, instead 
of 375 feet (tf:e wagon-way to be 17 feet wide and tiie railroad to have 
a single track), to cost $1,671,241.81. The commission also obtained an 
estimate of the cost of a low draw-bridge with the wagon-road above the 
other, with the provisions regarding the position of piers in tbe direction 
of the current, and the position and dimension of spans, provided for in 
Mie law for tbe Quincy bridge. The total cost of this was estimated at 
11,296,^92.11, and of this sum $l,046,317.n3 was for the part over the 
^main river, connecting Bock Island with Davenport. (See Annual Ke- 
port Chief of Engineers of 1869, pp. 191-199.) The railroad company 
submitted a proposition setting forth the share of the expense it 
wonld take in making the change. When this proposition was after- 
-vard considered by the commission, the ordnance ofhcers objected 
to the width of the wagon-way proposed, which was only 17 feet; and 
it was thought a much wider wagon-way was necessary, say 2(! feet. 
The railroad company then suggested that the increased width would 
admit of the railroad being a double track. When this point was reached, 
the estimates were sent tor revision to Mr. Johnson, who thought there 
was no reason to change his first estimate of cost. It is surprising that 
jnch a view should have been entertained. I came in charge in 1869 
and made an estimate of the cost of the enlarged bridge, allowing the 
same prices, and found it would be $1,785,142.67 from Rock Island to 
3>aveDport, and including the bridge between the island and Ulinoia 
$2,121,526.82. (See Annual Report Chief of Engineers for 1869, pp. 
194-199.) Without referring to coat, however, the commission recom- 
luended tbe proposition of the Chicago, Rock Island and Facihc RaUroad 
Company (their assent to the foregoing modiflcation for a wide road- 
way being duly certified to.) 

The essential features in the question of bridging as agreed upon are 
as follows : 

The governnieut to hnild over the main channel of the rirer an iron draw-bridge in 
aocordauce with tbe conditions ^jrescribud in the act of Congreaa of Jiit^ '^,\!^^,^^i% 
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frame to be of proper breadth for a datible traok ; tbe wagoD-iray to be plaeed biKfa 
enoDgb to leave ibe lower cbord for a railroad track; tbe i^verDment to give vat 
oorapaiiy tbe T\giht of way naroHB tbitt bridge and acroaa tbe inland npoa the pajment 
of half the eoBt of SQperBtrnotnre. 

The Chief of Ordnauce, in loabing his report to the Secretary of War, 
sabmittiug the report ami recommeadationa of the oommissiou, said : 



a r^uQBted, and it ia deeir&ble that it nball 

The words "addltioDal appropriation" undoubtedly referred to 3D 
appro priatiou iu additiou to estimates previously submitted. It conld 
in no way be regarded as a statement of the estimated final eost 
of the bridge, as it was afterwards mistakeu to be, the mistake caus- 
ing a serious obstacle eventually to getting to work on tbe bridge. 

In the act for the support of the Army, approved March 3, 1S67, 
$200, OiM) was appropriated towards building the new bridge, acoordiog 
to tbe recommendation of the Chief of Ordnance. TbisrecooimeudatioD 
was, more properly speaking, that of the commission. The Chirf of 
Ordnance somewhat qualified his approval, and thought the proposal 
liberal on the part of the United States, and too much so if the railroad 
company had not already a right of way. The act required, however, 
the execution of certain pajjers binding the railroad company to certain 
conditio] s, in regard to luture preaervatiou and repair, ownership, use, 
&c., which the company was fouud unwilling to accede to, and as the 
act was not compulsory the cornmeuoement of the bridge was stop[)ed. 

The (Jhief of Ordnauce says in his report dated October 19, 1S67 : 

As it is doQlitful whether tbe guarantoe which the coniitao; ia willing to give would 
fnlSll tbe leqiiiremontfi exacted by Congreae of the oonipuny in making the appropris- 
tion.Iwonld respectfully recommend that tbe subject be brought lo lie uotioeBf 
CongreHs for such action as may be considersd uecsasury and proper. 

A joint resolutiou was framed to meet the case and was approved 
July 20j 1868, which gave specific authority to the Secretary of War to 
allow sixty days alter its passage for the railroad company to file as 
agreement in accordance with it, and if not filed then, he shonld direct 
the removal of the existing bridge and proceed with constructing the 
new one, which the railroad company should not have the use of until 
it bad agreed to and complied with the provisions reqnired of theni, 
This joint resolution coBtained a proviso that " in no case shall the ex- 
penditure on the part of the United States exceed $1,000,000." At the 
end of section 2 are the words, <' all acts or parts of acts iuconsisteat 
with these resolutions are hereby repealed." In the complications which 
followed a due regard was not had to this repeal of parts of former acts 
inconsistent with this proviso, limiting the cost to $1,000,000. 

The act making appropriation for the support of the Army, approTeii 
March 3, 1809, appropriated $500,000 towards building the bridge. 

The agreement between the United States and the railroad company was 
signed by General J. M. Schofield (then Acting Secretary of War), and 
John F. Tracy, president of the company. It has no date, but it was not 
many days prior to September 10, for on that day the Chief of Ordaaace 
requested authority to commence the work (the agreement as he states 
having already been signed) and to authorize the employment of a com- 
petent civil engineer to aid in the work. 

A marked feature in the agreement signed is the following : 

Provided that tbe aggregate cost of 
ate of the same made by the " 
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ZttereJs do reoord tbat^ the cominissioQ made such aa estiruate, bat (aa 
' I found aa coming io charge of the work in July, 1809) Mr. Johnson, 
eogiueer of the ra.ilroad company, did make such an estimate, which was 
fi>r a wagon-road 17 feet wide and a eiugle-tra«k railway, This project 
<'Wa8 not recommended by the commission nor by the Chief of Ordnance, 
I but a modification of it re(]uiriug a wider wagon-way and double-track 
siailway, and this double-track railway and highway could by no possibil- 
|;ity have been built for the amount specified in this agreement. It is 
singular that this discrepancy was not diHcoTered and prevented while 
the agreement was being negotiated. 

It happened fortunately, however, tliat the amount specified in this 
ftgreemeut is very nearly in accordance with the limiting cost of 
jl,000,000 for the part over the main river as made in the joint resola- 
doa, and */ the repealing proviso of this resolution had been regarded, the 
previous enactment that the bridge should be built as recommended by the 
Vhiefof Ordnance would have been done aroay with, and no obstacle would 
tave existed in th^ further prosecution ofthewsrkon the best plan with the 
imit of coat which the joint resolution made. The commanding officer at 
iBo^ iBtand, General Eodman, having been directed on March 29, 1S69, 
to advertise for proposals for constructing the piers of the bridge, was 
confronted at once with the question as to what kiud of a bridge to 
build according to the laws, and endeavored to frame his specification 
ao as to meet contingencies that might arise in the settlement of this 
question. OU May 26, 1869, he addressed a communication to the Chief 
of Ordnance,' presenting the whole subject, stating that if the limitation 
of cost to $1,000,000 in the joint resolution was to include the reim- 
bnrsements for the cost of half the superstructure, then it was impos- 
flible to build the bridge recommended by the commission, nor did he 
-deem it advisable to bnild snch a bridge. He then submitted a plan 
for a single-track railway with the wagou-way above it, and another 

ifor a single-track railway with the wagon-way below it ; the latter he 
Anted being not only cheaper, but much more sightly " and incompar- 
ably more convenient in itself." He further stated that as the agree- 
ments with the railroad company contemplated the wagon-way above, 
file change would somewhat increase the cost of their approaches, and 
it would be just to allow them the difference in making the proposed 
change, and tbat the company had expressed itself willing to make such 
agreement. There seems to be no good reason why this should not have 
been the first plan recommended, and I think it was lawful even at this 



A contract for Utica hydraulic cement was made on May 31 with 
James Clark & Son. This contract was for all the cement required at 
the arsenal as well as the bridge. A contract for Joliet stone for the 
bridge was made with Sawyer & Talcott May 15, 18(39. A contract for 
the inanonry (a source of great trouble afterwards) was made with Har- 
vey & Livesy June 1, 1869. 

General Kodman's plans all contemplated the completion of the piers 
JQ the season of 1869. The questions raised by Geiieral Rodman as to 
plan of bridge and cost were referred to Judge-Advocate General Holt, 
v^ho gave as an opinion, in a letter dated July 4, 18G9, that the plan of 
this bridge, originally recommended by the Chief of Otduauce as named 
in the act of March 2, 1867, could not be departed from, nor could the 
provision that the cost, limited in the subsequent joint resolution to 
«1,000,000, be made to mean that amount exclusive of the amount reim- 
bursed by the railway company. The Attorney -General approved the 
of the Judge-Advoeate-General. 
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'ritf Ilixt |in>vj<li'<I Itri'Igu would ooxt double the limit, and aiider thia 
litl'-Mic'iiMor. Il)i- llritl lurt wim found defeating a sabst^queut act coin- 
|ili>l<0>, wlil'li liii'l itrovi'lHl "that all loriuer actii JDcousistant witb it 
iiii< lii'iiiliy ii'iiinli'il." The Judge- Advocate-General's opinion makes uo 
iilliiniiiij III tliiM ]i-|ji-uliii(;dauHO, vrbich efiectually did away with tbriner 
I iiiiiiK'i.ili.iloi. UN to kind of bridge. 

A >li>it.l liii'K wan tliuii |iut utioii further proceedings in building tlie 
l.ll.lK", 

'I'lio AiUiitniiKipnernl of tlie Army, in transmittiup to General Roil- 
1I.IMI lln' iIi.ciIn1(iii ol'llw Attorney -General June 10, 18G7, said : " If it is 
|iii|ii..i'l Iriibid III ciiimli'iua llie prescribed bridge for tbe sum named, im- 
iiii'illiilo n'|ii.i I lit II will Im made to tbe Secretary." The substance of 
III In "ii'i It'll i; III I'lii'tl . I iiiH' til, anil oil July 11 General Rodman answered 
ipractitiable. On June 15 General Bodman 
.11 of tbe law was to build a bridge, and be 
lliliilv Hint, iiii.v pliiii i-oitid hiive been intentionally prescribed 
tliiil woiilil liuMi pifvoiiU'd tlio iiiuiii object. He did not, however, refer 
III Mil' n'|inillnit uliiuHi- in llii' joint ivsolntiou. He was sgftin written 
to mi •liiiii. iti b,v the t'liit.f of Cbduanee that the decision <:ould not be 
i<1inii|n'ili '"It I" """IM'nd work till he could rejicb Rock Island, a week 
tbom*!'. 

Oi. .tiiiif OS lt»> VhWf I'lOrdiiauoc telegrapbefl from Rock Island; 

I. . <i \oA by CongTMB as to limit, wide ^nougb for doable 

tt .. inuK. fefcTJng ^inMion of relttJTc poaition for future 

.1, '>'> cMMMeawil at once. Shall I aathnrize GhuhtsI 

). -. oiaT 1 rcMMUMBdiL RkUroMl carapaDj- will agree 

ttn Jun« '£.* Iltt* S«OK't*ry vS Wm- tel««^^>hed 

f\t 4WMIHM-.V f>t MH.V. Th* >iT>j£v H> W » Mart ■iiiwImiii with tbc mOOBUDMldt- 
Hmm 1* iW <WMiMn»K«Mt*^ *n4 MM M «UM<d tfa* Umax «f mm of tUMO^A 

1^ .1«m> A* tVi^mvpRl KiiiAwMi iaftmed th« Ckief of Ordnance that 
W«nn<«M tv»x»<^\ 1 <*i»w toow MW acnW yiers wiHt exwgh for a dout)le 

X\> -Xw^ A. l^i^A^ (W :ii<wf«u^ «t War (Bmu J^hs A. Bavlio^} crxDS 
<NT<^«Ww«rtyw«>wi>of<WWw4wtw^lfci*iiJaiMiL lothg Engineer 
OwK^^ WW* ** -My W>l>w OAtf-rf EylaegKfO— I A. A. Hniphpe^) 
HW ^ j m fl « i>w ■*■<? »» l>» AV K. VTmw*. wniMMB». Di^UDbes on this 
^ '<mV(>aMilNiM» «i(«MMrMA.WB«-,a»«ftidh|te»l vuretvn- 
>nfet»^» W .MM >i w . >wwrtwtii» wnr«Biwil^w»— ifcfc ouwM of the 
«Mk ^li. Aif >«* 1 1 

Tt imfl nrrr w iWlnrti fi iflnnnr ■■ ttn 
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ilid. The iustructioas to me were, at the first, to stop all work 
until I was authorized to proceed, but before authority would be 

ven "tlie Secretary of War must be fully satisfied tliat the bridge 
slioDld conform to all the conditions of proper strength and stability, 
non-obstructing navigation, and cost." Earnest attention was required, 
fttid a full report at the earliest practicable time. On July 21 the con- 
tractors were all stopped. At this time the contractors for stone had 
delivered $15,000 worth. The coiitrajstors for building the piers had 
e^|)ended about $4,000 handling and cutting stone, and wonld lose, they 
claimed, $2,500 per month by being stopped. General Hodman had, 
under the plan he adopted, located the abutment on the Davenport side, 
aud the contractors were about to go to work upon it. 

Ireached Kock Island aud received the principal documents from Gen- 
eral Rodman on July 26, These were suffldeut for continuing the work 
ia the manner laid out by him ; but this was all suspended, and I had 
to make a plan from the beginning. There was au absence of thorough 
BOandingB of the river-bed and observed courses of current that called 
for all the provisions I had made in fitting out a surveyiug party.* This 
Barveying party, under Mr. J. P. Cottou, civil engineer, at ouce began 
to measure the current and obtain the soundings, the latter being a 
very laborious process in the swift current in the stage the river then 
Was, 7 feet above low water. 

Maj. Amos Stickney, Corps of Engineers, with an assistant, was 
asaigned to the duty of obtaining information about and preparing for 
building the piers. Besides the general supervision of the work, I took 
upon myself the work of obtaining information on the subject of super- 
structure, and of finding out exactly the conditions under which the 
^ork had been transferred to me. It was soon ascertained that there 
^as no estimate of cost made by the commissioners at Bock Island for 
^ double-track railroad and highway, as recommended by the Chief of 
C^rdnance. This estimate was sought for iu every place where it could 
liave been placed, without finding it. 

After an examination of all there was known of the subject at Bock 
^land, I found it wonld be necessary to visit Washington for consulta- 
tion and to obtain access to important papers relating to the subject 
that were still there. Authority was given me to do this, and on the 
^t*th of July I Butticiently understood the subject to prepare a plan for 
beginning work, which was not materially different from that prepared 
"y General Kodman, except that I did not adopt his location of the 
piers, and required time to make surveys and consider this matter. The 
^elivery and cutting of the stone for the piers, excepting for the star- 
I^Qgs, whose form remained a question, was resumed, adopting as the 
'Matter for the piers a slope of 1 inch horizontal to 24 inches vertical, 

On my return to Eock Island, the survey to get the form of the bed- 
rock in the river and the courses of the current was pushed with energy 
f'Od plotted as fast as made. No definite location was advisable until 
'Qese should be fully ascertained, and thus far they had not been. A 
sntvey by a oewly-iuvented sounding arrangement prepared in the office 
"f the Rapid Improvement had been made before, but from want of ex- 
perience of some sort the map made was worthless, 

' Colonel Flngler, in the Aonnal Rei.ort of the Chief of Ordiiauce for 1877, p. 142, 
J^fctes that " dariog the year ttj69 General Rodman made careful surveys of the bed of 
the river, rQensiirement of the velocity at different stages of the water," &c. On thia . 
point Colonel Flagler is misinfonued, for General Rodman made no snch sarvays. It 

^ due to myHelf to say this, for the delay I made in submitting a plan was neceBaary to 

"Wke such surveya.— G. K. W. 
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The ref|uireineut8 wbich the bridge had to fulfill were : 

Fint. Sot to cost over >1,000,<>00 for tlia part orer the main ohanoeli 

fitecond. Not to obstrnct uavigatiou. 

Third. To accord with the purpoaea of tlie Coited Sta!.&s in the occiM 
patioTi of the iHlaod aH au araeiiul. 

Fourtk, 1o meet the want» of the railroiul so a» to eait ita purposes 
and not iieeessarily interfere with the streutu of Oaveuport. 

Fifth. To have the wugou roa«l part of the bridge not ui>oa privatft 
property. 

Sixth. To correspond with the reuimmendatioiis of the Chief of 04 
nance as required id the act of March 2, 1S67, to wit, a double-tiaota 
railway with the wagonwiiy on top. 

Beyond any doubt, the first and last named of these reqairemeots i£ 
was iDii>os»ible to reaoucile, and it waa thought that if OongreHs b 
not already repealed the one la^it named, it would do so, as all part 
interested were in favor of making it a single-track railroad above t 
wagon way, becanae it was better and less expensive. It was decided* 
therefore, that the piers should be for the least width a double tmcls 
would require, and not to contract for the superstructure until actios 
by Congress should be taken alter a full presentation of the matter ad 
the next sessiou. To meet the requirement for double traok railwayj 
the piers were raside longer np and down stream than was neuessary ic 
a single-track railway. 

The fi/tli of the above named requirements was very difBcalt nntkf 
the plau proposed by General Kodmau. In this pUui the Davenpov 
abutment was located in the corner of a block owned by the raiiroai 
compauy, the whole bridge passing over the street next the river 
Whether there might have been trouble on the part of ib« city and tlu 
railroad company or not, in regard to the highway approach, the dtjf 
government was much dissatisfied with the arrangement. I soon . 
however, that if the city government would coDseut to raising the g 
of Front street about sis feet, I could place the abutment at low watot 
and descend from the wagon-way placed on the bottom chord immedi' 
ately into the streets at the intersection of LeOlaire, Front and Secoi 
streets ; thus giving an easy approach in every direction, while ti 
part of the bridge to carry the railroad might be made of half tl 
strength, and pass over the street to the abutment as located by Gentira 
Bodmau, The city government passed an ordinance establisbiag t*" 
grade as I requested, and so this difficulty was removed. 

The fourtk requirement gave me comparatively little trouble, as il 
had been well met in the location made by General Kodman. 

When the current observations and soundings had been only made il 
part, 1 thought I would have to move the Davenport abutment up stresB 
or the Itock Island one down; but fortunately this was found finally tc 
be nnnecessary, and so General Bodman's position fur the axis of t' 
bridge was preserved, This line was so chosen as to croas the ma 
river and island and a considerable portion of the slough on a straigW 
line. The Rock Island city end coming at the end of the embaukmert 
of the old stough bridge, enabled the new bridge to be easily bnilt witW 
out disturbing the running of the trains, while the Davenport end lauded 
CD the railro^ company's proiierty, so that the right of way was » 
cored to them, and this they had obtained with special view to passioS-- 
over the streets of Davenport to their main track. 

The third requirement, " the nses of the island tor the pnr[>o8es of tta 
government," was also secured in this location, as fixed by General 
Itodman. 
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The second requirement seemed to me tbe moat important of all. 
The eurreut-measaremeiits soon sliowed that theasis of ibe bridge, as 
bus determined, waa at right angles with the course of the curreut at 
lie two stages measured, aad the form of the bed brought out by our 
nuadingo, of which about 8, OOU were made and located by triangulatiou, 
;ave r.^a8on to believe the currents would not materially chauge direc- 
ion at any stage. As a consequence of this, the piers would be parallel 
Fith the current, as retjuired by law, if placed at right augles with the 
LKxiB of the bridge, and we should thus gain the full praotical width for 
wtbe passage of water through sections whose lengths were equal to the 
dear spans. My own observation and study had satisfied me that draw- 
nidges should be so located as to have one draw opening next the shore. 
>Q being placed in charge of tbe work, the steamboat-men were con- 
nlted, and the presidents of the two packet companies wrote me letters 
B-giDg that the pivot-pier should be so placed as to be next the shore. 
She depth of water on the Davenport side was too little to allow of the 
deaw being placed there without a much more considerable rock-exca- 
TBtiou than waa needed on the Eock Island aide. Id addition, the cur- 
rent was more geutle on the Rook Island side and it was quite near the . 
middle of the river, when we consider the landing at Kock Island City 
on the main land, as well as Davenport. Another important eeouomical 
fteatiire in tlie construction, was that the large pivot-pier on the Kock 
bland side could be built in comparatively shoal water with deep water 
kloflguide of it. I therefore decided upon a location of the draw next 
ihe island. It may be noted here, that one apparent provision of the 
Bw was neglected, which requires the spans next the draw to be 250 
bet ; but it is evident that the law intended the draw to be at the best 
^ace for it, since it accommodates all the steamboats, and the other only 
nfta, and it is not to be supposed that the draw openings which were 
lo objectionable in the old bridge on acconntof switt current, should 
|e figuin built in swift current to meet this secondary provision, if it 
tonid be avoided. The use of the draws of several bridges now built 
In the Mississippi has been impaired by the designers not taking the 
Mine Tiews of the case which I did. This location of the draw, bow- 
lder, waa objected to by the commanding officer of the arsenal, in a 
fBmmauicatiou dated November 3, 1869 (see Annual Report Chief of 
Ordnance, 1877), as interfering with the steamboat landing it might be 
-aeceasary to have on the island just above it, &c. The whole question 
Tas argued before the Secretary of War by me April 2L, 1S70 (see 
Annual Report of Chief of Engineers for 1870, pp. 229-236), in the in- 
terest of navigation. The chief of Ordnance replied that if those in- 
terests required the drawbridge there, he could conduct the affairs of 
the arsenal so as not to interfere with it, and so it was decided to let my 
design remain unchanged. I will say here that in all my relations with 
the ordnance ofQcers, I was treated in the most frank manner, and aided 
flD every way I could es|)ect, although persons friendly to them ex- 
jAreeaed themselves in the newspapers aa hurt at the summary manner 
jln which the building of the bridge bad been transferred to another de- 
H^rtment. 

h A.rrangement of spans. — The limitations of the law as to coat req.uired 
ttae to use the most economical plan I could adopt, and not select unusual 
li^ans for the main part of tbe bridge. I therefore made the span on 
'4tae river side of the draw tHiO feet from centers, and divided the remain- 
tder into four equal spans of 230 feet each, reaching to the Davenport 
I Abotment, situated at low-water line. At a subsequent period, for the 
[■use of rafts, I altered the plan so that the one nest the Davenport abut- 
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ment sbould have a span of 2C0 feet (in the clear 250 feet), and p^opo^ 
tionately reduced the three adjoining ones. It is questionable wbether 
this last change waa best, as there has been a disposition in Davenport 
to obstract the use of this opening. But for the limit of cost, 1 woald 
have at first planned for four spans of 295 feet, instead of five spans, 
between the right rest-pier and the Davenport abutment. 

Form of piers (see Diagram B). — The form of the up-stream starling 
from the first attracted our attention on account of the great power of 
the floating ice at this locality. The ordinary rise from low tu liigb 
water is about 16 feet; but sometimes, on the breaking up of the ioe 
below the bridge, a gorge is formed which raises the water to 2L feet 
above low water. At such time, it may happen that the ice above the 
bridge is loosened from the banks in large cakes or fields while it ia 
still firm ; it then mores down with great force, when the ice-gorge below 
gives way. I therefore thought it beat to carry the inclined upper star- 
ling at a slope of 1 to 1, firom low water to 21 feet above, which gives 
the pier a very considerable extension in the direction of the stream. 
The form of the horizontal section of the starliag adopted is that gi'fln 
by two circles whose radius is equal to the width of the pier at the i 
lion. These circles are described with the opposite side as centei's, 
as to be tangent to the sides of section, and intersect at the nose with, 
angle there of lao^^. With the common form of triangle for horizont 
section, this angle is only 90'^, aad the angle with the sides is 45°, ' 
stead of tangent as in this case. The nose of the pier is thus fon 
parts of two oblique cones with circular bases. The lower edges of 
stones on each course are thin, and unavoidably so if the uose of 
pier is allowed a slope of 1 to 1. Perhaps 3 on 2 would have auswei 
and it would have been less expensive. It was at first thought to 
the stones with steps in the upper edge, but as the only injurious ' 
of time and use would be to reduce them to steps, they were cat 
smooth surface. The cut-water of tljc starling was protected by ii 
plating. The down-stream starling of the piers is a half cone with " 
cular base. The piers were designed to be 36 feet long and 7 feet 
under the coping, exclusive of the starlings up and down stream; 
before they were built Congress passed a law allowing the bridge to 
for a single-track railway. The length of the piers was shortened 4 "" 
and they were built 32 instead of 36 feet long. 

The main draw-pier is built for its special objects, and is of the 
lowing description : The center or pivot tier is circular, 36J feet in di 
eter under the coping, with a batter of 1 to 24. The upper and lo 
rests are of masonry; the upper one with a triangular starling with 
same slope as the piers, and the lower one a semicircle. The 8pi»-i 
between the pivot and these rests is a timber crib with apartments fiU^^i 
with riprap. In designing these piers it was sought to take the le»*5 
possible width from the stream, because all diminution of the natur*" 
section resnlted in an increase of velocity, the rock bed not admitttf^ 
of any enlargement of section by scouring between the piers. The ar^^ 
of the natural high-water section (not that of the ice-gorge high-wate^ 
was 35,800 square feet. The abutments diminish the width by abont 0*t 
feet and the sectional area by 175 square feet, but this is nearly all tak^^ 
ont of slack-water along the shore and does not materially sfieot t t*^ 
mean velocity. The piers occupy about 1,92S square feet, which is abw i*^ 
,056 of the available section for flowage, and they consequently inorea 
the mean velocity above that in the natural section by about .059 
the mean of the natural section. The draw openings, however, are ii' 
part of the river where the velocity is moderate even at high ' 
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boring the progress of forming tbe present plan of bridge I engaged 
r. George 0. Herthel, of Saint Louis, to aiti me iu calculations concern- 
^ snperHtructure, and Mr. Jacob Blickenaderfer in regard to questions 
strengtli of piers, abutments, &c. The position of tlie piers had been 
far determined by the 23d of Angust that the contractors were 
formed that they coold at once proceed with the Davenport abut- 
Snt and contiguous pier. The water was then G feet above low water, 
tey, however, did nothing at these points, and September 13 they 
kted they were ready to go to work as soon as the government made 
B eoffer-dams, pnmped tliem out, &c. On the 14th they were informed 
at this work was included in their contract. On the loth they Hied a 
■otest under which they were willing to work, claiming special com- 
maatioD for the coffer-dams, &c. Tbe same day, to prevent any fut- 
6r delay, 1 consented to their going to work, they neither waiving any 
lim tbey bad rightfully nor I admitting anything they claimed. This 
taoQ on my jiart wa^i duly reported and approved. They began work 
Ebe eofferdam September 16. This first trial showed their appliances 
'be very inefficient. The river had again begun to rise. 
By the 20th of September I had everything arranged for the contin- 
ns work on the piurs, and made my annual report, which recites soma 
vbat I have given here and enlarges upon matters not here presente.i. 
iee Annual Report of Chief of the Ktigineers for 1869, pp. 194^198.) 
Od September 22 I assigned Evt. Maj, W. H. H. Benyanrd, Corps of 
igineers, who had been ordered to report to me for duty, to the task 
looking up the whole suliject of suijerstnicture by visiting the dilfer- 
t bridge- builders and their works, and to collect data needed for a 
edal report to secure tbe change in the law deemed necessary under 
esent iuterpretatiou of existing ones. I then proceeded to give per- 
duI directions in regard to some of my other works, and to make a 
al examination of tbe Wisconsin Kiver iu company with Mr. Jacob 
Ickensderfer, whose services I had obtained for that purpose. As soon 
I bad fluished the provisional location of a canal along the banks I 
torued to Saint Paul and worked up the estimates of quantities and 
Bt. When this was finished Major Benyaurd had procured the infor- 
Ation he was sent for, and I took it up and wrote another report about 
e Bock Island bridge, dated December 3, 1869. This is printed in 
6 Annual Report of Chief of Engineers for 1870, pp. 240-240. Here 
p argument is fully given to show that the repealing clause of the 
int resolution of March 2, 1867, did away with the recommendation of 
6 Chief of Ordnance provided in the act of March 2, 1866, and that the 
icretary of War conid build a aingle track railway above the wagon-way 
thout any further legislation, if tbe cost was kept within tbe limit pro- 
led in the joint resolution. All tbe engineering data were, however, 
Fen in this report. The matter was referred to Congress, and it 
Hsed s joint resolution authorizing the bridge as a single-track rail- 
tS, with wagon-way underneath, as recommended. All obstacles to 
\ easy and rapid construction of the bridge, if low water favored 
Iring tbe ensuing year, were now removed, except for the inefficient 
otractors and the unsatisfactory contract for building the masonry. 
16 original proposal of the men was sufficiently informal to have justi- 
id its rejection; but it was accepted, and the contract drawn by 
%eral Rodman, with the intention of making it binding and explicit. 
M contractors, however, claimed a different understanding of its 
nns than was allowed by tbe officer making it, as already stated, and 
abably regarded their inefficient prosecution of tbe work as nnavoid- 
fte in consequence. A bad feature of the contract was that thej were 
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to be paid for finished vork measured in the piers, and tbia preclnded 
my paying them for cntliag and handling the stone at a pro ratavilnt- 
tion, which it wuuhl have been safe for the United States to do. I 
could not obtain authority to depart from the strict letter of the con- 
tract, and 80 they were embarrasaed for want of payment for \ioti 
done. The season of 1869 was tiie most remarkable for continuons 
high water of any on record, and very unfavorable to this work. Work 
was resumed m the spring of 1870 on the Eock Island abutmeDt, bat 
high water prevented work on any of the piers. On May 10 1 i^ii»l 
the specifications for Buperstructure which hatl been prepared, aod ad- 
vertised for proposals for building it. I turned over the work to Co!. 
J. N. Macomb on May 30, 1870. Subsequently I reported on the pro- 
posals and concurred in the award that was given of the work to the 
Baltimore Bridge Company. Colonel Macomb retained Major mickuef 
in charge of tbe substructure and Major Beuyaurd in charge of thesn- 
perstractnre. Tbe contractors made so tittle progress in the oonatnc- 
tion of the masonry that the worii was taken from them and complete! 
by hired labor under the officers in charge. 

I believe there was no material modiftcation of the plan made by mt> 
The passage-way between the pivot-pief and the islaad was deepeaedi 
but the intention 1 had to smooth the Bock Island shore and protect 
boats by means of fenders was not caniied out. Tbe part of the bridgS 
over the slough and the causeways across the island, and the a)*- 
proaches in Davenport, were built by the railroad company. TlH 
whole was finished and opened to tbe public October, 1873. 

GBNEEAL DESCEIPTION OF TBE LOCALITY AKD BRIDGE. 

(See Diagram 19.) 

This bridge is situated at the foot of Eock Island Kapids (tbe greaW 
portion of which is above overflow), where the bed of the river is of 
limestone, the same as above to Le Claire. The width of the river be- 
tween the Iowa shore and the island of Rock Island is 1,650 feet at the 
sit* of the bridge. Immediately below the foot of the island the wiilA 
of the river increases to 3,000 feet. 

The channel on the Illinois side of Kock Island which formerly re- 
ceived a portion of the water of tbe river, has been for many jcar* 
closed by a dam, recently rebuilt by the United States Govemment, 
BO that no water other than what is used to drive the mills at MoliM 
passes through it. The slope of the river above the bridge is 1.7 fe8t 
per mile,withama5imnm velocity of ij miles perhouratthe new bridge 
where the water is 12 feet above low water. 

The rocky shores on the rapids for 18 miles above this place, against 
■which a raft cannot land, together with the swift current, makes the 
mnning of rafts in this part of the river very difficult. There are W 
two or three places at which they can tie up, and if these are missed, 
they must mn through the bridge in any wind that may rise while thej 
are passing over this distance. 

DESCErPTION OF THE BUIDQB, 



The bridge, commencing on the Davenport side, is approached by tli« 
railroad on a curve of about 1,300 feet radius from the main track oa 
rifth street to tbe junction of Fourth and Eock Island streets, v 
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ossed diagoually on a bridge of one span, giviug about 12 feet head- 
ay to the streeta. Tlie approach then cootiuuea on the diagonal to 
le intersection of Third and Iowa streets, which is crossed by a single 
jHtn of about 120 feet ; then it is on a curve of about 1,700 feet radius to 
ie junction of Second and Front streets, which is crossed by a span of 
K feet to the main bridge. There-is 12 feet headway above the wagou- 
»d floor. The main bridge has one span of 200 feet, then three of 220 
et, then one of 260.5 tfeet, and then tlie draw, 370 feet from end to end, 
Ith two clear openings of 160 feet each. A span of 80 feet then car- 
ss the railroad -track to the embankment ou the island. This embauk- 
eut extends across the island on a grade of 30 feet to the mile. Then 
imes a span of SO feet over the island wagon-way ; then the erabauk- 
ent eoDtinties 700 feet further to the abutment of the slough bridge, 
lia latter has four spans of 150 feet each, and then there in an em- 
lokment on a i° curve to the main track. 

Maaonry. — The masonry of the bridge has already been described. 

I piers in the slough are of masonry, resting on piles. This channel 

but little current, it being only the tail-race of the water power at 

head of the island. No special care was observed as t<i direction in 

CDssiog it, or iu the obstrnction of the water-way. 

Bvpergtmeture. — The bridge is of wrought iron throughout. The upper 

kotds are of rolled channel-bars, and the lower, open links in the fixed 

8. In the draw-spao both upper and lower chords are of channet- 

, The draw is opcued and closed by an engine placed ou the out- 

of the truss, on a level with the railroad-floor. Great care is 

ecessary in handling this heavy draw in time of high wind. The posts 

rePhojnix beams. The railroad-floor beams are attached to the posts 

) as to form a system of lateral bracing. The bridge over the main 

Ter was built by the Baltimore Bridge Company, Mr. C Shaler Smith, 

ilief engineer. On account of the limitation of cost provided in the 

>w, the speclticatious called for wooden floors for both rail and high 

iy. If the means admitted, this should have been changed to iron. 

Sen it becomes necessary to reuew them, irou should be substituted 

Che wood. 

INFLUENCES ON NAVIGATION. 

This bridge has met the wants of navigation as fully as a low draw- 
18ge ia capable of doing. The locality is particularly favorable to this 
nd of bridge, as there is sulflcieat depth of water for boats and rafts 
Dm shore to shore, and the rock bed renders a change in this impossible. 

ALTERATIONS TO LESSEN OBSTRUCTIONS TO NAVIGATION. 

Sheer-booms. — The board of engineers on sheer-booms recommended 
»t a sheer-boom 1,200 feet long be placed with its lower end, when in 
Hition, resting against the Davenport rest-pier. 

^nishing the work in left drawapening. — This board also recommended 
« timbering and planking of the rocky shore of the island for 500 feet 
lore the bridge. This was part of the original plan, and should have 
carried out if there had been funds to do it. 

HIGH BRIDGE. 

It Is probable that this is one of the last places on the Mississippi 
*iver that will require the low draw-bridge to be replaced by a high 
e. When done, it should be placed at least 77 feet above low water, 
eoable boats to pass under it at all times when they c&Q pass the 
idge at Saint Louis. (See Discussiou, Chapter iii.^ 
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BURLINGTON RAILWAY DRAW-BRIDGE. 
(Opened for railway travel in 186«,) 

Authoritij. — This bridge was built by the Burlingtou Bridge Comi 
in 1867 and 18C8, under act of Congress approved July 35, 1806. 

DESCEIPTION OF THE RIVER AND VALLEY AT THE L0C4LITT. 
(See Dineram -il.) 



I 

^^^V This bridge crosses the Mississippi River about -1,(100 feet below 
^^* steambout-landiDg at Bnrlington, Iowa. The river at this poii 
about 2,100 feet wide between the low-water banks, with a large es 
of bottomland overflowed 5 to 10 feet at highest water, extendit^ 
the Illinois blutt's, making the width of the high-water river aboi 
mileB. 

The channel of the river for 5,000 feet above the bridge and 3 
feet below runs along the west bank in a direction for the moat ; 
parallel with the shore, which is rocky. The bluffs rise abruptly J 
the shore except at the site of the towu, which is in an opening in 
bluffs through which Hawkeye Creek flows. The river for twon 
above and one below the bridge is confined to one channel, in w 
there is always a good navigable depth. The slope of the river at 
water is 0.27 foot per mile. The bed is generally sand. The depfi 
bed-rock is not known, except for that part from the west or right b 
to the pivot-pier, where it is about 30 feet below low water. The 

tfrom low to high water is 20 feet. 
SURTETS. 

A survey was made by us here in 1866 extending about 2 miles abora] 
and 2 miles below the bridge-site. The location of the bridge had not 
at that time been made, or, if made, was not generally known, so that ui) 
special examinations of the bridge-site were made. The survey con- 
sisted of a meander of both shores of the river ; location of sand-ban; i 
levels to ascertain the slope of the water's surface; soundings over the ; 
section surveyed; and measurements for volume of discharge. AsarTeyi 
including cnrroot-observatioos was made ia 1868 after the bridge vfaa 
built. The water then was about 4J feet above extreme low watei' 
The maximum velocity at the bridge was about 2^ miles per hour; thai 
in the channel 2,000 feet above was about 2^ miles per hour. Current- 
observations were again made in October, 1869, with the water U.S' 
feet above low water. The maximnm velocity was about 4J miles ptti 
hoar, 

DESCRIPTION OF THE BRIDGE. 

I 
(See Diagram 22.) ; 

The bridge is approached from the west on an embankment witha 
enrve of about 720 feet radius. The first span is 176 feet long from ' 
center of abutment to center of first pier — part of the span being ovar \ 
the land. The second span is 200 feet long. The trusses of theae t^o 
spans are wider than those of the rest of the bridge, to allow the curve ^ 
of the approach to be extended on the bridge. The next span is a pivot- 
draw 360 feet long over all, with two clear oiienings of 160 feet each; 
then there are 6 spans of 251) feet each from centers, and then tree- 
tling for a few hundred feet, which last is considered temporary andrt 
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ei^laced by an embaukitiout. TUe whole length of the bridge is 
|S5 feet. 

Vasonry and foundation. — The masonry is bciilt of atone from Athens, 
^, and Le Olaire, Iowa. All of the piers rest upon piles cut off about 5 
jit below low water. The piers, in this report, are iitimbered from the 
fht bank. The piles for foundation of piers Nos. 1 and 2 were driven to 
l2-rock, which was struck about 30 feet below low water. Part of the 
lea in the foundation of pier 3 (pivot) were driven to bed-rock. The 
Bs in the foundation of the other piers were driven from 30 to 25 feet 
p the bed of the river. The distance to the rock is not known. 
Ider pier No. 1 there were 140 piles; under pier Ho. 2, 170 piles; 
per pier No. 3 (pivot), 333 piles; nnder pier No. 4, 170, anil under 
tib of the others about 140. The masonry was built upon a grillage 
reimber, which rests upon the heads of the piles. 
Ihe dimensions of pier 5 (see Diagram C) are, length 21 feet, width 
[feet. The batter is one-half inch to the foot. At a point 9J feet 
jlow the level of the bridge-seat, 2 feet above highest water, the star- 
The horizontal section is in the form of an equilat«ral 
tngle, and the cutwater has a slope of S inches to a foot vertical, 
) lower ends of the piers are frustums of a right semi-cone with a 
mlar base. Where the piers rest on the grillage the length is about 
tfeet, and width 16J feet; the lowest 5 feet being of three courses, 
^offsetting 6 inches all around, All the others are similar to pier 
B. 5 except the rest-piers Nos. 2 and 4, which are one foot wider. All 
IQie piers except the draw-pier have detached ice-breakers ; these 
% not built when our examinations were made in 18CS, and when the 
B was surveyed in 18C9 the high water prevented onr examining 
The draw-rests are pile-cribs bnilt to above high water, with 
I sides planked ; at the upper and lower ends there are timber-criba 
i with riprap. 

Che auperatrncture of this bridge is of iron. The fixed spans are 
^raoguiar girders with cast-iron upper chords. Phoenix rolled posts, 
d bottom chords of open links. The draw-span has both chords of 
Bed channel-beams riveted together. The whole superstructure was 
pit by the Detroit Bridge and Iron Works, at the same time and under 
Ee same requirements as the bridge at Quincy. No account of the 
polding of this bridge has been published thatjwe know of. 

INFLUENCE UPON NATIGATIOH. 

[At the time of the examinations iu October, 1S68, the current meas- 
unents show that the general direction of the current ma<ie an angle 
J.Bbont 5° with the axis of the piers. The maximum velocity was 
hngh the west draw-opening. 

ibard gravelly point makes out from the Iowa shore, about 500 feet 
love the bridge, which, at the time of this examination, deflected 
fe current from the shore. This gravel-bar is probably composed of 
B coarser material brought into the river by Hawkeye Creek, and has 
ccme packed together so hard that it resists the action of the water 
'Q at flood velocity. This point acts differently at different stages of 
Iter ; with the water high enough to run over it, it defiects the current 
Ulittle; but when the water falls below, the current is deflected to- 
~1 the right draw-opening, so as to cause a cross-current through 
la opening. The filling out of the shoreline above this point would 
iobably remedy this somewhat; this filling had been commenced by 
wi^^^id company to make ground for depot-baildiugB. 
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We agaiu examined this bridge in October, 1869, when tlie water was 
Il.G feet above extreme low water. The direetion of tbe cnrreut at 
that time was nearly parallel with the axe-* of the piers, making in the 
approach to the draw-opeuitigs an angle of but 4'^. The maxtainui t& 
locity was throagb the right opening of tho draw, in tbe same looality 
as the maximnin velocity of tow water. 

Passage of Bteambonts. — The location of a bridge below a landing is 
objectionable. Steamboata descending the river make the landing above 
the bridge with bow up stream ; all boats hnve to do so on this river on 
account of the ourreiit. On leaving tbe levee they must turn around 
and get into position before they can pass through the draw ; while try- 
ing to do this they are often carried down by the current so near tiie 
bridge as to compel them to back into position, thereby losing mncli 
time. Again, a boat breaking from her moorings at the landing is al- 
most sure to be carried onto the bridge, emiangering both boat and 
bridge. The bad ett'ect of this locatiou would have been much lessened 
if the Iowa bank had been maiie straight and filled out to tbe line of a 
feet depth at low water, as far up as Berry's Mill, and the draw pta^ 
next to the shore. This would have given a much better opportunity to 
pass in bad weather and dark nights. Tbe bridge company disregarded 
the requirements of the law to put a 250 feet span adjoining the draw, so 
that the provisions of the law canuot be given as a reason for not put- 
ting the draw next tbe shore. Tliis arrangement would have made the 
passage no worse lor rafts than it now is. There is a bar above tlie 
bridge, on tbe left side of the chaunel, similar to that at Qnincy, but not 
seriouslv objectionable in its iuHuence, as it leaves a chauuel-way SOU to 
900 feet wide. 

Passage of rafts. — ^There are six spans east of the draw, of 250 feet 
each from center to center (seldom used by rafts because of the bar and 
set of current above them), but tbe span next west of the draw, in viola- 
tion of the law, is but 20u feet. The channel for some distance abo« 
the bridge being along the Iowa bank, rafts are generally brought doffa 
that shore, since, by so doing, they are sheltered by the blufts from 
winds. Upon approaching the bridge, if the raft is too wide to pa« 
through the 200 feet span it must be moved sidewise about 500 feet, 
across the swiftest part of tbe current, so as to pass through tbe finC 
250 feet span on the left side of the draw- openings. This is an operation 
so difficult as to be seldom undertaken by a raft without employing 
steam-power. 

The position of tho gravel point before alluded to renders the use of 
the 200 feet span quite difficult at a medium or lower stage of water. 
The usnal manner of passing rafts when managed by means of a steam- 
boat is to divide tliem into two parts above tbe bridge, and take one 
through tbe 200 feet span and the other through the draw-opeuiug. In 
passing the 200 feet span they are drawn by the current toward tl 
Iowa pier in high water and toward the other pier in low water. 
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Sheer-booms. — Tbe board of engineers in their report on sheer booinG 
recommended that a boom should be extended 900 feet up stream t^itli 
its lower end resting against or attached to the right rest-pier. The raft 
interest desired that another boom 1,000 feet long should be placed on 
the upper end of the draw-rest extending up stream and flaring toward 
the Illinois shore, showing that they do not care to use the present -'30 
feet span. But this boom would interfere with the passage of tbe bridge 
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by steamboats, and couki not be allowed. This want of the raft interest 
shows that tbe long spans to tbe left of the draw are of little or no use 
for passing rafts. 

Change of span. — A cbange which tbe raft interest would have a right 
to demand is a reconstruction of the span on the Iowa side of tbe draw 
so aa to make it 350 feet. If this shonltl be doue the sbore end should 
rest on an abutment, and the shoreline brougbt out to a line joining 
tbe abutment aud Berry's boom-pier about 700 feet above. Tbe open- 
ing thus provided and the point above should be dredged out 3 to 4 feet 
depth at low water. With this cbange it is tbougbt that no sbeer-booms 
will be needed at this bridge. 

niGH BRIDGE. 

Tlie building of a high bridge at this place would not involve great 
expense for approaches, as the Iowa approacb offers a choice of high or 
low ground, while that on the Illinois side is low and not valuable. A 
bigli bridge at this place should be 77 feet above low water, or 57 feet 
above high water. 

ZEOKCK RAILWAY AND HIGHWAY DRAW-BRIDGE. 

(Opeoeil for travel in 1870.) 

Authority. — This bridge was built in 1869 and 1870 by tbe Keokuk 
and Hamilton Bridge Company, under act of Congress approved July 



DESCRIPTION OF RIVBE AKD VALLEY AT THE LOCALITY. 
(See Diagram 23.) 

Tlie river in its natural condition at tbis place is about 2,600 feet iit 
wdth at ordinary low water, and about 5,500 feet in width at flood 
Stages. The bed of the river is limestone, of the same character as 
that of the whole of DesjMoines Kapids, which extend from this place to 
HoDtrose, about 1 1 miles above. Tbe slope of the river for this dis- 
tance averages about 2.2 feet per mile, but in places in the lower part 
of the distance it is as much as 3 feet per mile. Immediately below the 
bridge the low-water width increases, the slope becomes small and the 
■^ty bed is replaced bv sand. The rise from low to high water is 
about 22 feet. 

SURVEYS. 

A survey of about 1^ miles of river was made at this place in Octo- 
iiep, 1860, after the passage of the act authorizing this bridge, but, as 
[he locatiou had not then been made, the survey was made general over 
a section supposed to include its probable site. The water at the time 
of making tbe survey was about 2.5 feet above low water. After the 
Jocatioa of the bridge had been determined upon and work commenced 
Suother survey was made; this was in.October, 1869, when the water was 
i2,8 feet above low water. Again, in October, 1876, after the bridge 
VOB opened and the.cauat nearly completed, another examination was 
lade with the water 6.8 feet above low water. The results of tbe two 
it examinations are taken up iu treating of the '* lufluences upon 
vigation " of the bridge. 
S. Ex. 09 8 
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DESCHIPTION OF BBIDQE. 

(See Diagram 2*.) 

Arrangeinmt oj gpana. — Tbe river is spanned by twelve Bpana of the 
followiiig leogths, eomtueucmgaltbeKeokuli side and measuriog along 
the axis of the bridge and from center to center of piers: First, apivot 
draw-span 380 feet long from end to end ; this length was intended to 
give openings of 160 feet at right angles to the axes of the piers. Thea 
come spans of 2ii3 feet, 256,3 feet, 162.6 feet, 162.5 feet, 163 feet, 151.5 
feet, 164.9 feet, 165.1 feet, 164.3 feet, and 165 feet, respectively, making 
the total length of bridge abont 2,190 feet. On the Illinois side tliere 
is a high embankment for 1,930 feet; abont 500 feet of this is in the 
low-water chanuel-way, but the old transfer embankment above it slill 
stands and occapies a greater space of the water-way ; there is next a 
single span of 95 feet over a nlough, and then the embankment is coQ' 
tinuous to the high ground, a distance of about 1,200 feet, making a 
total length of bridge and embanked approach on the Illinois side of 
6,475 feet. Tbe approach on the Keoknk side is over a structure of 
masonry on a curve of about SuOfeet radius, the abutment beiug abont 
IGO feet from the shore-line. Tbe Illinois approach and tbe bridge are 
on a straight line. The Keokuk end of the bridge is about 1?00 feet hC' 
low the lower end of the lies Moines Kapids Canal, now about completi ' 

Substructure. — The piers are coustrncted of limestone, the greater pi 
of which came from quarries in tbe immediate vicinity. They reBt( 
part of tliem do) upon a timber grillage, and this npou the rock 
which the bed of tbe river is composed. The pivot is circular, _ 
Tided with slots in which tbe ends of tbe floats between tbe pier and rest* 
slide, as water rises and falls. Tbe rests are bnill of timber, filled witl> 
riprap. Between tbe pivot liier and tbe rests is a crib-work built np to 
a height a little above low water. Above this is the float. "~ 

In October, 1876, these floats were much out of repair, and were pi 
vented from resting on the cribs by drift-wood lodged between thf 
and the cribs. 

The piers and draw-rests are built with their axes at an angle 
720 45' ^jti, the axis of the bridge, so that the openings between th 
are not that represented by the length of the spans, but by this leoj 
into tbe sine of the angle which the axes of the piers make with 
axis of tbe bridge, so that the draw-spans of 100 feet from centei 
pivot to center of rest-pier are but 181.4 feet when measured at rij' 
angles with tbe axes of the piers. 

Svperstructure. — The bridge was built by the Keystone Bridge Com- 
pany of Pittsbnrgh, Pa., in 1870. It is of wrought iron tbronghoflt 
except the head and foot of posts and angle-plates of upper chords, 
which are of cast iron. The trusses are 21 feet high except the draw- 
span, which is about 35 feet at the center and 21 feet at the ends. The 
trusses are 23 feet wide from out to out, with sidewalks 5^ t<eet wide on 
each side. The floor-beams are of two channel-beams lU inches deep! 
these are trussed, and extend outside of the main trusses to support ufl 
sidewalks. 

The bridge was built for rail and highway travel on the same fl( 
The whole bridge, including sidewalks, is floored over at the same lei 
the top of the track being about 1 inch above this floor. 

The draw is turned by a small steam-engine on tbe tnrn-table, 
greater part of the machinery being below the lioor of the bridge. ' 
vision is also made for turning it by hand. 
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The bed of the river at this bridge being of rock, makes the qnestioa 
r*f contracting the waterway au important one, aa every obstruction 
"ilaced iu it raast increase the velocity. 

Id October, 1869, when the water was 12.8 feet above low water, we 
eneasored the velocity at this place. The canal-lock was then in proc- 
ias of oonstraction and occnpied about 400 feet in width of the low- 
rater section; the transfer approach on the Illinois shore extended 
into the low-water river abont 700 feet, at a poiot about 100 feet above, 

K»Ting a low-water width of bnt 1,700 feet, and at the stage 12.8 feet 
bove low water a width of 1,900 feet. 

' The piers of the bridge were not built. The maximum velocity was 
teboot i^ miles per hour. 

In October, 1876, we again measured the velocity here with water 5.S 
(feet above low water, with the same width of waterway except the ad- 
ditional obstruction of the piers of the bridge. The maximum velocity 
iraa then about 3 miles per hour. This was through one of the long 
tfpaus to the left of the draw-span. 

INFLTIENCBS UPON NAVIGATION. 

At the time of our esamiuatious, iu 1869, the site of the bridge had 

^n fised upon and the approaches were nearly built, but no piers had 

teen built in the river. As no obstructions had been placed iu the 

fiver the direction of the current was the same as when the location of 

tJbe bridge was determined npou. The current at that time approached 

line of the axis of the bridge at an angle of GS'^, or at an angle of 

' with the axes of the piers aa afterward bnilt. The water at that 

e was 13.8 feet above low water. 

When our examinations were made, in October, 1S76, the greater part 

if the right hand draw-space was obstructed by a cotter-dam pnt in by 

be government in order to deepen the channel from the foot of the canal- 

>ck down through the right draw-opening. This dam extended from 

se lower end of the canal-bank down to the upper draw-reat. Iu this 

istance about 250 feet had been partially removed, bnt, as it was nearly 

arallel with the general direction of the current, it was impossible for 

(steamboat to use it, and, as the canal was not in use, the right-hand 

iraw-opening was entirely unavailable for the passage of rafts or steam- 

oatfi. The existence of this coffer-dam prevented the water from being 

frawn into this opening and was therefore favorable to a direct flow of 

be current through the left draw-opening and adjoining long spaus. 

lad the space between the canal-wall and head of ntiper draw-rest been 

pen, there must have been a strong current into the tail-bay of the 

anal. The existence oF such a current would make the passage of the 

eft draw-opening difBcult, and at times of high water very dangerous. 

9litb this opening so nearly closed the general direction of the current 

made au angle of 6° with the axes of the piers, and 66^° with the axis of 

Che bridge. The clear opeuiug iu the left draw-space, measured at right 

ingles to the general direction of the current, was about 125 feet. This 

|i distance was measured at right angles between two parallel lines drawn 

- in the general direction of the current — one from the lower end of the 

lower draw-rest, the other tangent to the west face of the left rest-pier. 

This is not the full width between the piers, but the unobstructed width 

in the line of current. This bridge, as it at present stands, is a marked 

Mse of the violation of that provision in the law under which it was 

boilt, which requires that the piers shall be parallel with the current, 

"" ' is, in Gonsec;uence, the worst bridge for the passage of raft.s, and 



116 BKIUUlSa THE MISSISSIPPI RIVER. 

one of the worst for the t>A^8ago of steamboatg, ou the Mississippi 
Giver. Its locatiou at tbe foot of rapids on which there is no landiug 
]>1acG for rafts makes its bad features more dangerous than they would 
ha.\a beeu ia aa ordiDary place od the river. 



A1.TEBATI0NS TO LESSEN OBBTRtTCTION TO NAVIGATION. 



^ 



it is thought by some that the exteDsion of the draw-rest up to the 
c»u!il-baiik would make the passage of the left draw-openlug less dan- 
gerons thau dow. If it were built solid and raised so as to keep out 
the current at highest water, there would be a strong current across the 
lower end of the draw-rest into the right draw-opening, which wonid 
theu be simply the tail-bay of the canal-Ioek, whose level at the lock 
would be that of the river at tbe lower end of the draw-rest. If tbis 
were practicable, it would probably somewhat facilitate the passage of 
the bridge by steamboats and rafts ; bnt it is also probable that it would 
so interfere with the use of the canal that it could not be allowed. To 
lessen deposit below the caaal-lock it will probably be necessary to have 
the space between the canal and draw-rest left entirely open. We shall 
theu have the strong cross-current above the upper draw-rest that wiU 
endanger every descending boat and every raft that attempts to use the 
long span to the left of the left draw-opening. 

A medium course between the two previously suggested might to 
taken by connecting the lower end of the canal-bank with the upper end 
of the upper draw-rest by cribs and booms. The design of this should 
be such as to leave sufUcient openings between the cribs to preserve tbe 
level of the water at the foot of the canal-lock nearly the same as if left 
entirely open. It would at the same time answer the purpose of a feudet 
along which boats might drop through the draw-oiMJuiug. It might be, 
however, that the draught of water under these booms would be so great 
as to pull log-rafts to pieces when floating agaiust it. The loose logs 
would be drawn into the tail-bay of the canal, occasioning delay and loss 
to the raftsmen and annoyance to the steamboats using the cau^ 
These three ways seem to be the only ones that offer any promise of alle- 
viating the difficulties, and neither of them affords a satisfactory solutiaa. 
The bridge should never have been built in such proximity to thecan^ 
entrance. 

Sheer-booms. — The board of engineers on sheer-booms recommended 
that a boom be placed between the head of the draw-rest and the foot of 
the canal-hank ; that another, J ,200 feet long, be placed with its upper 
tnd 600 feet from the canal-bank, and its lower end against the left pier 
to the left of the first long span to the left of the draw. 

Enlargement of section, — The substitution of open bridge for so much 
of the embankment as now occupies the low-water river, might afford 
some alleviation by increasing the water-way and decreasing the velocity. 

But at best, none of these devices afford more than a partial remedy. 
The defects of its location in connection with tbe canal are so great as 
to demand the removal of the bridge and its erection elsewhere. With 
its removal the Iowa shore-line could be brought into suitable form for 
the canal approach, which cannot be done with the existing structure. 

HIGH BBIDOE. 

The only unobjectionable plau for a bridge at this place ia for a higii 
bridge crossing the stream at right angles to the general direction of 
the current. It should be so located that one pier \^ould be placed near 
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ihe lower eud of the cHDal-bank. It should have two high spaus, one 
jWO to 300 feet in the clear over the eaoal, and the adjoining one 300 to 
100 feet long Id the main river. These high spans should give at least 
66 feet headway at times of highest floods, to allow for the passage of 
Bteamboats at any time when they can pass the Saint Louis bridge. 
The other spans should not be less than 250 feet long and might be 
either deck or through trusses, jjfoi-ided, that the lowest parts of none 
of the spans be less than 10 feet above highest water. This plan would 
leave the full low-water width of the river, and as trestles or short spans 
iroald probably be nsed in the approaches, additional high-water width 
oonld be given. A tunnel through the rock nnder a portion of Keokuk 
^ould be required, for which an antlet in a ravine below Main street 
in be found. 

QDINCY RAILWAY DRAW-BEIDGE. 

(Opened fur travel Noveraber, li^B.) 

A-Utltority. — This bridge was built by the Quiucy, Railroad Bridge 
Company in 1867 and 186S, under act of Congress approveil Jnly 25, 



DESCBIFTIUN OF THE BTVER AND VALLEY AT THIS LOCALITY. 



This bridge crosses the Mississippi River about oue mile above the 
landing at Quiucy, Dl. This site was chosen because of the channel 
|)eing permanent along the Missouri shore, thus furnishing a good loca- 
;^on for the draw. The bed-rock is bnt from 35 to 45 feet below low 
rater. The width of the river between the low-water banks is about 
8,000 feet. 

There is a small slough on the Illinois side, called Quincy Bay, which 
^e bridge crosses near its mouth. As the river approaches the town 
if Quincy tbe channel crosses to the Illinois side, where the bauks are 
bigh, and continues along the shore for about oue mile. It then turns 
bo the right, and has low land on both sides of the banks until it reaches 
ttie bluQs, 2 miles above Hanuibal and about 18 below Quincy. The 
JRidthof tbe valley, between the bluffs, is from 5 to 7 miles. This whole 
area is covered at times of highest water to a depth of from 5 to 8 feet. 
The rise from low to high water is about 20 feet. The water sloi)e is 
labont 0.4 foot to the mile. 



t the time of otir survey of this locality, in October, 1866, the location 
Xtf the bridge had not been announced, so that we could make only a 
xeueral survey covering some 4 miles of river. The survey would have 
neea more minate at the point where the bridge was to be built if we 
bad bad actual knowledge of its future x^osition. 

This survey consisted of a meander of both banks, and of the island 
opposite Qnincy ; of soundings over the whole of the river surveyed; 
and observations for volume of discharge. A survey of the site of the 
bridge was mmle in November, 1868, which gave us all the inform-ition 
desired at that stage of the river, including observations for diiTctioii 
and velocity of current. 
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DESCaiPTION UP THE BBIDGE.* 

(See Diaj<TDro3G.) 

CommeiieiDg ou the Missouri side, the brii]j>;e is approached by a tuag 
embunknieiit, with occasional openiugs in it to allow for tbe passa^of 
flood-water wheu tUo bottom is overflowed, aud for the drainage of tbe 
bottom -land 8. 

The first span is 350 feet, partly over the land j the nest, a pivot dra^r 
3G2 feet loog with two opeuiugs, eaeh 160 feet io the clear; tlien, a 
span 250 feet long; theo, two spaas, each 200 feet long; then, eleven 
spans, each 157 feet long; and then, next to the shore of the island, one 
span of 200 feet. An embankment of 670 feet extends across low land 
to Wood's sloiigb ; then comes 400 feet of frestling across this alough; 
then, 285 feet of embankment to the bridge over the bay. This bridge 
has six spans : first, one of 82^ feet ; then , one of -SS feet ; then, a pivol- 
draw 190 feet long, with 80 I'eet clear openings ; then, a span of 85 feet. 
and another of 82^ feet. The draw on this bridge is required by an aut 
of the Illinois legislature. 

The main bridge extends from bank to bank of tbe low water river, 
so that the 17 piers iu the river, with their protection, is the amount of 
contraction in the low water water-way. Tins amount is relatively very 
small, as the whole width is about 3,100 feet. A small increase in 
velocity would probably soon scour out the bed to fully compensate for 
tbe obstruction, and as the Ijed is composed nniformly of fine saud, tk 
scour will not be likely to occur to a dangerous extent iu any one part 
of tbe cross- section. 

The length of the bridge over main river is .3,185 feet, and over tlie 
bay 625 feet, making, with trestliug and einbanknient on the island, 
5,068 feet from abutment on Missouri shore to abutment ou Illinois shore. 
Over the main channel the bridge is on a straight line. There is a abort 
i<=> curve on the island, then a straight liue across the bay bridge, ftnii 
then a curve to the junction with the track of main line. 

Substructure. — The masonry of substructure is of stone from GrafWn, 
III., and Keokuk, Iowa. AH the piers in the main river, except the 
pivot, and all in tbe slough rest upon wooden piles. The pivot-pier in 
main channel rests ni>on four iron cylinders, each 14 feet in diameter 
and 30 feet long. These cylinders were sunk to bed-rock by weightir" 
and dredging out the sand from inside of them. They were filled wll 
concrete, lowered iu a concrete-box and leveled by a diver. 

The masonry of this pier was built in a water-tight caisson, the 
tom of which was a grillugeof 3 courses of timber 12 inches by 14 inches^ 
laid 4 inches apart, and covered with 2-iuch planks. This caisson was 
placed in position over the cylinders, and the masonry laid inside sunk iC 
down upon the cylinders. When the masonry was built above the water- 
surface the aides of the caisson were detached from the bottom. Piers 
numbered 2, 4, and 5, in deep water rest on wooden piles. (See DiagranL 
D.') The piles under 2 and 4 were driven to bed-rock; those in tli& 
foundation of pier 5 down about 25 feet. A crib was tlien sunk aronnt 
the beads of the piles, which were sawed off at 5^ feet below low-wafer, 
and the space between them filled with riprap and concrete. A grillngo 
consisting of three courses of timber was fioated into place audsBs- 
pended by ten screws SJ inches in diameter, having four threads to th* 

' A portiou of tbe data for this deacriptioD i» taken from "Ad aoooimt | of tbe I iron- 
rati way-bridge acrom the MiaBisBippi River | at | Qiiiiir.f, 111., | by | Ttionias Curti» 
Clarke, C. E., [ Engineer in Chief, j illuBtrated by twenty-oiie lithographic plates- 1 
NfW York : D. Van Nostraud, pnhlisber, | 23 Murray atreet and '27 Warren slreet, | ■ 
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HIGH BELDGES. 

The bigli bridge ia the only kind that can be made here to suit all the 
vrnnta oi Bteamtioat, barge, and raft Davigation. A bigh coutinuons- 
span bridge ftt Quiucy was particularly feasible, as the Quiney approacb 
ia on liigli gronad, and tbere is aiuple room on the west bank to get 
down without expensive land damagea. It should give a clear headway 
of not less than 57 feet at bigh water or 77 feet at low water, and tbe 
cbaunel-spaus should not be less than SOU feet in the clear. 

HASNIUAL RAILWAY AND HIGHWAY BRIDGE. 
(Opened for travel in 1871.) 
Aulhoriti/. — This bridge was bailt in 1871, auder act of Congress ap- 
proved July 25, 1860. 

DESCRIPTION OF THE BIVEB AND VALLEY IN THE VICINITY. 
(See Diagram 25.) 

This bridge crosses the river at a point about one mile above the 
steamboat-landing of Hannibal, Mo., about 17 miles below Qnincy. 
The river at this point is nearly all in one channel, and is very narrow 
and deep. About one-half mile above (where the river first strikes th« 
bluff on the right bank), the river bends sharply through an angle ex- 
ceeding 90"^ ; the width is only about one-fourth mile, being one of the 
narrowest points on the river. It was a noted crosaiug-place for the 
Indians in their day. 

The low-water width of the river at the point where tbe bridge ia 
located is about 1,500 feet. Prior to tbe building of the 9uy Carte Levee, 
the high water spread out from bluff to blaff 6J miles, but the levw 
narrowed the high-water width at this point to about 2,300 feet. 

The Buy Carte Slough is a small channel, ckSnai ecart6, whieh leaTM 
the main river about i^ miles above this bridge and joins the river abont 
33 miles below. This channel was closed and the whole bottom leveed 
in from tbe head of the slough to its outlet. The effect of this was to 
confine all the flood-waters to the main channel, causing their greater 
volume and velocity. This levee gave away April 17, 1876, at 2 p. sl* 
with the water at 19.G feet on the bridge-gauge, and rising. On tb* 
morning of the 18th, the rea<ling was li* feet on this gauge, while it had 
not fallen at Quiney. The rise from low to high water is about 23 feet. 
Tbe slope, as measured by us, near low water, is about 0.4 foot per mile. 



In November, 1866, we surveyed about 3 miles of river from IJ miles 
above to 1} miles below Hannibal. The low banks were Qsed, sonnd 
ings taken over the whole distance, and the slope measured and obser- 
vations for volume of discharge made. This was all that conid be done, 
until the position for the bridge had been chosen ; the water was then 
about 1.7 feet above low water. The volume waa 52,000 cubic feet per 
second. In October, 1876 (after the bridge was built), we again made 
surveys and examinations. The water was 6 feet above low water. 

DESCRIPTION OF THE BItlDGE. 

(See Diiigram 27.) 

On the Miasonri side the bridge is approached through a short tunnel 

on a 9J0 curve, to which the bridge axis is tangent. The line of the 
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iridgo is at right angles with tbe general coarse of the river. The spaas 
«f the bridge coinioencing at the Missouri side are, first, oae 3.50 feet 
&om centers of piers ; tlien a drawspau 3^0 feet over all, giviag two 
«]ear openings of ItiO feet ; then one span 350 feet, and four of 180 feet 
each, making tbe total lengtb of tbe bridge 1,580 feet. The liae of the 
bridge is prolonged by an embaakmeat of 400 feet from the Illinois end, 
which is continued by a 6° curve for about 1,100 feeL Tbe Toledo, 
Wabash and Western Railway continues in a southeasterly direction for 
Beveral miles in the bottom-lands of the river. 

Another railroad, known as the Oliicago, Alton aud Saiub Loaia, but 
lately in the hands of the Chicago, Burt iugton and Qui ncy Railroad Com- 
pany, also uses the bridge. Tbia liue leaves tbe other road 000 feet 
from the Illinois end of the bridge, aud runs to Qnincy; it uses the 
track of tbe other on the Jlisaonri side of tbe river. 

SubHtructure. — The substrnctnre, couimencing at the Missouri abut- 
ment, is first an abutment of masonry resting on the rock of the bank ; 
this abutment is abont 25 feet from the low-water line of the river. The 
draw or pivot pier is of solid masonry, resting on piles. TIib up and 
down stream sides are straight tines, 21 J feet long in the direction of tbe 
bridge, wliile tbe sides next the cnrreut are arcs of circles. Tbe width 
of the pivot at right angles to the bridge axis is about 36 feet. The 
otberpiersareof solid masonry, upon a grillage resting upon piles. The 
piles of the two piers next to the Illinois aide were cut olT above extreme 
low water. Tbe stone for these piers was obtained ctaieHy from the 
neighboring bluffs, but some c^me from the quarries near Joiiet, III. ; 
they are of nearly tbe same form and dimensions as tbose at Quincy. 
7he guard-rests are cribs tilled with riprap. The ends next the pivot 
are formed to receive aud hold in place tbe floats which occupy the 
space between them and tbe pivot-pier. These floats rise and fall with 
the river. The part of the embanked ajiproach on tbe Illinois shore, 
eomtneaoiag 700 feet from tbe end of the bridge and leading down tbe 
valley for some distance, is used as a part of tbe Sny Cxrte Ljvee. At 
'the time of tbe high water of April 17, 1576, this embankment gave 
away at a point about 1,400 feet below tbe bridge; this break was about 
600 feet wide and scoured out to the depth of 18 feet below the general 
surface. The levee gave away on the same day at the bead of the " Sny 
Carte." 

Superstructure. — The superstructure was built by the Detroit Bridge 
OoDipany. The draw is wrought irou in all its parts. The other spans 
are all of wrought iron except tbe top chords, which are cast. The 180- 
feet apans are 22 feet high and 21 feet wide. The 250'fect spans are 
25 feet high. The draw-span is 25 feet high at the ends and about 35 
feet in the center. This draw is turned by a steam-engine located 
between the trusses above the roadway. The engine drives a horizon- 
tal shaft, which drives two vertical shafts (one at each end) that turn 
the draw. It is claimed by the engineer in charge of this engine that 
ke can handle the draw with case, even in time of high winds; that he 
ean, by the aid of a friction -brake on the horizontal shaft, stop it in any 
part of its coarse; that there lias never been a time when a boat coatd 
pass the bridge that he has not opened it, and that he has frequently 
opened it when the wiud was so strong that boats would not attempt to 
pun tbrongh it. The wagon-way is on the same floor and same level as 
the railway. Vehicles are not allowed to enter tbe bridge while a train 
is on any part of it, and a train is net permitted to enter while a vehicle 
is on it. The bridge has no sidewalks. 
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INPLUBHCB UPON NAVIGATION. 

Steamboats. — The draw-spau is 360 feet over all, and gives two cU 
openings of 100 feet eacb ; tlie right opening, being more under tlie pi 
tection of the high bluff, and also in line of the channel of the rirer 
for some distance above, is the moat used. The passage of the bridge 
by boats at time of low water is attended by but little difficulty or 
risk; the current, as before stated, is nearly direct for some distance 
above and below. The masimum velocity, with the gauge 6 feet above 
low water, is about 3 miles per hoar. At high water, the veltfcity is so 
strong that boats of smalt power cannot stem it. At snch time it is a 
very dangerons obstruction, because the draw is located in the swiftest 
current, needing only a small accident to machinery or a single tura of 
the wheel too much to cause a serious accident. The case given below 
of the acci<Ient to the Dictator, considered one of the most powerful 
boats on the river, shows how great this danger is. The Dictator,i 
largo towboat, with an ice-barge in tow, attempted to pass up througb 
the bridge 00 the morning of the ITlh of April, 1876. When just throngh 
the rightdraw-space, the current struck the bow of the barge, which was 
some distance in advance of the bow of the steamer (as is the custom in 
towing there), and swung barge and boat around to the west resi-pier 
and long spaa. This 250-feet span was carried away, the boat and barge 
sunk, and nine or ten lives lost. At the time of this accident the gauge 
on the draw-pier indicated 19 feet 6 inches, and at 1 p.m. of that day 19 
feet 7 inches. The highest water noted is that of 1859. which on tbis 
gauge was 22 feet. 

Passage of rafts. — The first span next to the right bauk is 250 feet 
from cent«rs of piers, but the abutment is placed on the bauk eo far 
back that the full width of the span is only available at high water. At 
the time of our examination, the shore-line was upward of 20 teet out- 
side of the face of the abutment; and a tangent to the shore-line for 
1,000 feet above the bridge lay 40 feet outside the face of the abutment, 
so that the available width between the shore and the first pier was at 
this stage only 200 feet instead of 240 feet, as it would have beeu had 
the abutment been placed on the shore at low water liue. Then the 
passage of this bridge by rafts would have been much easier, and its 
passage by boats not made materially worse. The right draw-opening 
is frequently used by rafts, particularly when towed, because they fear 
to run close enough to the rocky shore to allow them to use the sbore- 
span, and because, by using the draw-span , they save the trouble of 
unfastening and refastening to the raft. The passage of this draw- 
opening by rafts is attended with diDBculty, as it is not wide enougb 
and the current sets toward the right bank. While we were making oar 
observations at this bridge, a raft, being towed by a steamer, in at- 
tempting to pass through this span, was carried agaiust the west pier 
after gettingmore than half-way through. This setof curreiit is caused 
by the channel crossing to the right bauk about 2,000 feet above the 
bridge. For 1,000 feet above the bridge our observations show tbattbe 
current is almost parallel with the axes of the piers ; but this distance, 
although probably sufBcieut for boats to straighten themselves in before 
passing the bridge, is not sufficient for a raft to have its direction com- 
pletely changed, so the motion toward the right bank continues down 
as far as the bridge or farther. This set of the current toward the righl 
bank makes the use of the draw by rafts not towed by steamboats 
almost impossible, and I believe it is seldom attempted. 
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ALTEEATIONS TO LESSEN OBSTEl*0TION TO NAVIGATION, 

bSlieer-boonis. — The board of cDgirieera on sbeer-booms recommended 
it a sheer-boom be placed along the right bank above the bridge, with 
upper end attached to the shore, the lower end to be moved to the 
irigbt rest-pier when in position for the passnge of rafts throngh the 
^aw, and to rest against the shore when used for rafts passing throngh 
the shore-span. The long span to the right of the draw cannot be made 
available to its full width without great espense, as the shore is high 
Ind rocky. The passage of this bridge by boats might be facilitated by 
lilie extension of the left rest-pier 1,OUO feet up-stream in the line of the 
'•cnrrent. This extension should be built up above highest water, to 
ibIIow boats to land against, and drop or slide through the draw. It 
ggonld also be used to " warp up " by when the cnrrent is too strong. 
lis would not interfere with the passage of the bridge by rafcs, as the 
ft 230-feet span is not used by tbeni. 

HIGH BEIDGE. 

A high bridge at this place would require to be placed 5") feet above 
high water aud 77 feet above low water. The right bank is high, so it 
Would reqnire only one long approach. If a high bridge were built at 
this place it should have high spans over the whole low water river with 
tlear widths of 300 feet, so as to allow boats to use that part of the 
river iu which the current is the most gentle. 

LOUISIANA EAILWAY BEIDGE. 
(Opened for travel Dccerolier, 1673.) 

Aiithonty. — This bridge was built under authority of au act of Oon- 
egress approved March 1, 1871, entitled "An act to authorize the con- 
Atractiou of a bridge over the Mississippi Kiver at Louisiana, Mo,," and 
AD act approved June 4, 1S73, entitled "Act further regulating the con- 
struction of bridge across the Mississippi Illver." The act approved 
iUarch 1, 1871, required, for the first time on the Mississippi River, that 
a bridge should have clear draw-openings of 200 feet; and the act of 
p^ane 4, 1S72, required that the proposed location of the bridge should 
be submitted to the Secretary of War for approval before commencing 
the erection of the bridge, which requirement was not in previous laws. 
^See quotations from this law in the aecount of the La Crosse bridge.) 

The matter of plan and location of the bridge was referred to a board 
of engineers by the Chief of Engineers, General J. H. Simpson, presi- 
dent, and they made a report, dated at Saint Louis, Mo., June 21, 1873, 
And printed in Annual Eeport of the Chief of Engineers, 1S73, pp, 577- 
#85, requiring a modification of the plan submitted by the chief engi- 
neer of the bridge, and the building of certain accessory works for con- 
trolling the channel. They also recommended a certain system of light- 
ing the bridge, which matter had heretofore been left wholly iu the 
bands of the bridge authorities. The bridge was built by the Louisiana 
And Missouri Eiver Railway Company iu 1873. 

DBSCEIPTION 01' EIVEB AND VALLEY AT THE LOCALITY. 

{See Diagram 23.) 

The river at the site of the bridge is about 3,700 feet wide at low 
iirater; the high water width is several miles. An attempt has been 



F mat 

I feet 

B tra< 

\ the 



BRIDGING THE MISSISSIPPI KIVER. 



made to t'oulino. tbe high water to » width at this place of about 4,( 
feet. This was done by the Siiy Carte Levee Company to reclaim alai 
tract of land betweeu the low water river aud the bluffj, referred to 
tbe discassiou of the Hannibal bridge. Tliey constrocted a levee froi 
the high ground ou the Illinois shore below Quiocy to aboat 3 milea ' 
low this space. 

The river runs along the foot of the Missouri blnffs from the monl. 
of Httlt River, 2 milea above, to some distance betow this bridge, Noi 
Creek joins the river a few hundred feet above the bridge. The hottoi 
of the river is composed chiefly of fine sand, with gravel and pebbli 
near the right bank. 

gUBVETB. 

No snrveys were made by us at this place prior to the bnitding of tfi 
bridge. We made surveys and examinations at the bridge in Octobel 
1876, when the water was 4.8 feet above low water. The masimon 
velocity at that time was about 3 miles per hour. The range from !oT 
to high water is ^ven by tbe bridge engineers as 20.5 feet. 

DESCEIPTION OP BBIDOE. 

tS«e Diagram 39.) 

Commencing on the right bank, tbe abutment is approached b, 
embankment on an 8° carve, 450 feet of which is in the low water river, 
The first span is 162 feet to the center of the draw rest-pier; then a dra* 
Kpau 444 feet over all, with two clear oi>ouiugs of 200 feet each ; then 
a span ^66 feet; then one of 226^ feet; and then six spans of aboatlSl 
feet each from centers of piers, makini; a total length of bridge of 3,05S 
feet. From the Illinois end of the bridge there is 1,500 feet of embaat^ 
ment iu prolongation of the bridge axis, and then 700 feet on a ff' 
(Mirvo, making ^,200 feet of embankment in all ou the Illinois side. ^ 
tint Inahoro end of thiaembaukment, the Quincy, Alton and Saint Laid 
ItMilrottd joinH tbe track of the Chicago, Alton and Saint Louis Railroad 
The latter continues in a southeasterly direction across the bottom o 
rlu- \i\ii.U hinds. Tbe former, nsing what was formerly part of the lini 
ul iIh- f'Mtinffn, Alton and Saint Louis Railroad, reaches the river-banl 
!it ii iHiirit iil)out l,lf00feet above the bridge; it continaeii along the rivei 
till uliout 1,400 feet to the old transfer landing, where the cars of boA 
joimIii w(!I1! ti'unaferred across tbe river t>efoi'e the building of the bridgA 
'J'he t/uiiicy lino from this point curves to tbe right and crosses the bat 
UtM iNud 111 H northeasterly direction to the bluffs. Tbe Suy Gart« Levee 
i'4u» lliH (•Hilmnkment of this line at a point about 1,200 feet fi'om tU 
( ) vtir. Tliw levee in this part is from 6 to 10 feet wide on top, with vary' 
luy, kttti' Kh)|H' of thim 1 ou 1 to ] on 2. From this junction to a point 
< ii.> ' nibiinkmeiit of the Chicago, Alton and Saint Louis Railiva]^ 
' iiifKtit below llio bridge, the railway embankment serves as i 
■ I-' Mny <!iirt« I-«vee. 
.1 I,... lure. —The piers of thiM bridge are of masonry, the stone ha*"* 
ii>y luiii ulilMliu'd Ironi the neiKhboriug blufiii. Tbe abutment on tbfl' 
jiit^i.1 Vv'^l* colo iilK)" pibw driven to tbe bed-rock, which is aboat 1^ 
m\l imk'tt ).,w vKtIi'C. It has curved wing-walls, with sti*ps and para- 

iiM >( I" ii.i..r.l i.(i Thin ahntnient is 21 feet long and 4J feet 

iiMjuiiil i;>i the masonry by laying oouoreB' 

■ .1 .1 lii, rii. Tbe right rest-pier is 9 feet *riile 

' 1 ' , t. . I l.irig, with a batter of one half inch 

>•' •■M !■ >^ fih->iyi}'i >i<i<l liiwiT ends are triangular, the sides o' 
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Ikieli make an angle of 45° witU the sides of the piers, and are at rigbt 
Ugles at tlieir intereeution, wliicU forms the cut-water. These triaugu- 
II ends commence immediately below the band or dressed course, 
^ich is at highest water- in arl(. These starlings are floiijbed with sec- 
ms of cones above the band course. The elope of the upper end of 
Eie piers is increased to six indies to the foot, from a point 10 feet be- 
kv high water to the offset course. The starlings and baud course are 
jimmer-dressed. This description applies to all the piers in the river 
iuiept the pivot. (See Diagram E'.) They are alike iu form, and vary 
Rly in width, the rest-piera being one foot wider than the others. The 
piadation of the pivot-pier is of piles driveu to bed-rock, as are those 
pder the right and left rest-piers ; they were sawed off level with the 
pttom of the river, and riprap placed around their heads. The ma- 

Jury was built in water-tight caissons and lowered to the beariug-piles. 
_ IB bottom of the caissons was a grillage of oak timber, 12 inches by IJ 
ifibes. The masonry of the pivot is 39^ feet in diameter on top, with 
batter of about one-half inch to a foot. The piers to the left of the 
^w rest upon piles driven about 20 feet into the sand, and are cut oft 
trel with the bottom of the river at that time. The masonry, which was 
^at 2 to 3 feet below low water, rested upon a grillage. Tbedraw-resis 
tecribs of oak timber below low water mark ; the aides above are of oak 
isber, below low water mark ; the sides above are of oak plank, triaugu- 
\x in plan ; the whole filled with riprap and resting on a bed of riprap, 
fctove the upper draw-rest is a detached ice breaker, built in the same 
ttm and of similar material ; it rises only to high water. Between the 
De-breaker and the upper draw-rest are four clusters of piles to serve 
^feeders for boats. Between the guard-rests and pivot are pine floats 
put of 8 sticks 00 each side, 4 deep, and 2 wide ; these are connected 
fr ties and braced by diagonals. These floats are supplied with posts 
Vppotted by knees, to act as fenders in snubbing- posts for boats. 
-bove the right rest- pier is a fender which extends 500 feet, flariog ou 
cnrvp, so as to be 50 feet from the prolongation of the pier at its upper 
Id. This tender has a triangular starling composed of piles driveu 
Cse together, and tilled with stone to about 8 feet above low water. 
pa main part of it is about IG feet wide, composed of two rows of piles 
ed across it, each set being about 12 feet apart. Ou both sides they 
tv connected by wall-strips, one near low water and one some 10 or 13 
fet above. On the channel side planks are spiked vertically, close 
teether. Inside of the fender are 16 clumps of piles, with chains and 
pga attached, for boats to attach to if necessary. The side toward 
Wtx Greek is not planked. The fender piles are sustained by riprap 
fcrowQ inside, to which has been added much drift-wood from ]^oix 
seek. It is not of proper construction and has sustained much injury. 
Be reqairements of the board of engineers have not been met. 
' Superstructure. — The superstructure is of wrought iron, except in some 
linor parts. The bridge over Noix Creek, in the Missouri approach, 
IBS built by the American Bridge Company of Chicago ; it is 140 feet 
^Hg. The two long spans and the draw-span of the main bridge were 
Bilt by the Kellogg Bridge Company of Bufl'alo, N. Y, The draw-span, 
Mbe time of its erection, was the longest iu this country (the draw over 
I* Karitan Elver, lifew Jersey, erected since, is 472 feet long) ; its width 
j^tt center to center of trusses is 18 feet; height of truss at ends, 
Boot 31 feet, ont to out, and at the center of truss about 40 feet. At 
P feet above the rails, in each panel except the end ones, are longitud- 
l&l and transverse braces between the posts and diagonal ties. The 
^W6 of two channel-beams connected by an I beam ; these are 12 
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ment before auy obstruction is placed in it ; not only ahonid time \l 
allowed for tliis, but tbe river for a mile or more above Bhoald be narrow^ 
aiid the banks rectified, so as to gradually bring the conditions of td 
natural river to tbose at tbe proposed bridge. This was tbe course pu 
saed at 8aiut Louis, to wbicli reference was made by me ; tbere the ct 
tractiou and rectification of tbe banks extended through considerad 
dlstauce, and was gradually effected in tbe course of a number of jea 
Such sudden narrowings, as at Louisiana, with riprap protections iS 
prevent scour, produced very abnormal conditions of engorgement, w ' 
tbe want of proper controlling works above left as witbout the mea 
of giving permanence to tbe directions of tbe currents or tbe position «tm 
the channel. The only thing to do is to supply what has been omitted, 
In tbe first place, it is certain that if we do not deepen the section at 
the bridge to an esten t too great for the safety of the present structure, 
we mast widen the waterway. In the modiflcatioua which I propos 
tbe Nois Creek spau is given to that stream exclusively, and will uot Ijj 
taken into tbe followiug cousideratiou of increasing the section of fl 
bridge. 

The present section is at low water 1,750 feet wide, excluding ti 
piers; depth, 10^ feet ; area of section, 18,200 square feet; volume, i7,0( 
cubic feet per second ; and a mean velocity of 2.48 feet per second. 

It is proposed to increase this width by removing a portion of tl 
embaukmeut on the Illinois side, and by building two spans of 25r *" 
each in the clear; this wilt increase the low water width Co 2,230 fi 

We shall then have a new section with ; 

Width 3,350 feet. 

Depth lOJl'eot. 

Area of section Q^, G^ih square feet. 

Volnme 47,000 cubic feet per w 

Mean velocity of about 3 feet per soaond. 

At bigh water tbe present conditloua are : 

Width 1,750 feet. 

Daplii aOifoet. 

Area of aeotion , 5!!, i!7u Hqnare feat. 

Volume 430,000 en bio feet. 

Menu velooity 9 feet per second. 

With proposed increased width : 

Width 2, -250 feet. 

Depth 30Jfeet. 

Area of aeotion 68, 6i'i square feeL 

Volume 480,000 cubic feet per «(id( 

Mean velocity 7 feet per seoond. 

To remove and prevent the reformation of the sand-bar in the miii 
of tbe river above the bridge, and to give proper direction to the q 
rent, it will be necessary to build new banks and cross-banks mnrf 
out from the present shore-lines to them. The proposed new shore d 
the right bank will be on the prolongation in nearly a straight Hue of ' 
tbe extension of the right rest-pier up to tbe landing at Lonisiana. Tliis 
new bank will entirely shut oBVNoix Creek. If it is necessary to nsetb* 
mouth of this creek for auy purpose it must be done by coming into il 
from below the bridge. 

Tbe line of the proposed new left bank will extend from the propoW 
new abutment in a line parallel with tbe new right bank up river ahont 
4,200 feet. The distance between these banks is about 2,400 feet. The 
cross-banks should be from 300 to 600 feet apart, as experience shows 
necessary. The work sbonld be begun by building these cross-bauks. 
These should be commenced at the shore, and extended outward by 
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B'ing down mattresses and weigbting tbem. The liottoui layer should 
JB put in over tbe whole distance at ouaa to prevent sooar at the ends, 
lid they should be raised at such rates as the observed effects call for. 
ne portion of the present wing-dam above the bridge, between the 
Boposed new banks, shoald be removed. It is unnecessary to enter 
kto details of this operation here. Tbe frequent failure of these cross- 
■nks or jetties in this country Las been due to their being placed too 
u apart. There may be uo necessity of building the uew left bank 
lore than to put a T at the end of the crosa-bauks ; and their heights 
■ere need not exceed the height of the present bottom land. The new 
ngitutlinal bank on the rigbt side should, however, extend 4 feet above 
ie highest water, so as to produce no cross-currents into or out of Noix 
leek. 

LSimilar regulation of the river to that proposed here is used at Kin- 
pburg Bridge, in the Netherlands. Tbe difliculty of making a suitable 
^w-bridge at this point will probably lead to the adojitiou of a high 
itidge in its place. 

1 Sheer booms. — The board of engineers recommended as an immediate 
beviatiou of the difficulties experienced in passing rafts, that the balk- 
pad in extension of the right rest-pier be continued up river at least 
po feet, and this line extended 820 feet further by a fixed boom, its up- 
ler end 300 feet from the shore at ordinary low water. 

HIGH BEIDCE. 

! A high bridge at this place would have to be placed 57 feet above 
Msh water. It would have an easy approach from the right bank and 
l^lligh approach on Ihe left bank. It sliould Lave at least three high 
paas, with clear openings of not less than 3U0 feet each. 

IAINT LOUIS ELEVATED RAILWAY AND HIGHWAY BRIDGE. 
(Opened for travel in Jnly, 1874.J 

t Autlioritif. — This bridge was built under provisions of sections 11 and 

2 of the act approved July 30, ISGfi, and act approved July 20, 1SC8. 

DESCRIPTION OF TOE KIVEE AND VALLEY AT THE L0C4LI1V. 

.The Mississippi has been subjected to great artificial contractions at 
Mint Louis, beginning in 183S when dikes were commenced to prevent 
fte enlargement of the channel east of Bloody Island and improve the 
be on the other side. These works were added to from time to time, 
fed in 1850 a low water stone dam was built across toe channel east of 
Hoody Island, which, however, was afterward carried away. In 185;i 
H present Ligh water dam connecting Bloody Island with the Illinois 
lore was built and made a highway. Prior thereto this chanuel had 
■come so filled up that water did not run through till the river was 13 
Kt above low water. (See report of Col. W. E. Merrill, major engi- 
jiiers.) .The site of Saint Lonis is mainly above overflow. The shore 
fcplaces is of rock. Considerable portions of the river front have been 
taded, sloped, and paved with stone. Bloody Island, now East Saint 
Dnis, has been partly raised above overflow, aud the river front also 
l^ed aud paved. 

T?he low lands in Illinois kuowu as the "American Bottom,'' about 6 
g miles wide, are protected from overflow. The whole volume of the 
'iiarefore confined to a narrow channel about 1,200 feet wide a ' 
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low water and l/JOO feet at high water. The slope of the water suifane, 
at both high aoil low water, is ou an average about .05 foot i>er mile. 
The maximum velocity and volume have uot been Uet^rmiued. The 
ordinary high floods are about 35 feet; the greatest known 41 j feet 
above low water. 

The city directrix is 33^ feet above low water. The scouring in time 
of floods and ice-gorgea is very great. The bedrock lies about !)0 feet 
below the surface of low water ou the Illinois side, and probably under- 
lies the whole "American Bottom" at about that level. Surveys were 
not made by me at this place, all the important information to be ol>- 
tained in this way having been determined by other officers of engineers, 
The wide spans and piers parallel with the current give ample spaes 
■on the water, but the headway is insuflicieut to allow the large steam- 
Jjoats to pass it at high water. (See discussion in Chapter HI.) 

DKSCRirXlON OF THE BRIDQB. 

The iufoi matioii available for a description of this bridge is contaiued 
in a report of the engineer-in-chief in 1868, and the modifications of iC 
given in his report in 1870, together with the discussions in regard to 
it, printed in the transactions of the American Society of Civil Eugi- 
ueere. It is probable that we shall, in due coarse of time, have a fall 
acconnt of the bridge in detail, and of all the oporatious connected with 
it ; but it has such an important relation to the navigation of the Mis- 
sissippi that it is thought best to attempt to give a general idea of it 
here. The abutments are placed on the margin of the water at ordioary 
low stage, with two piers in the channel-way. The three spaced thos 
left are spanned by circular segment arches. The middle one has a 
chord of ol5 feet and versed sine of 47^ feet. The lowest part of the 
arch at the springing line is 7J feet above the city directrix, or at the 
level of high water of 1844. The crown of the arch is therefore 55 feet 
above the city directrix. The chord of the side spans is 497 feet, and 
the versed sine 43 feet 10 inches. The springing lines at the abnlments 
are 18 inches lower than at the piers, so as to lower the crown abont fl 
inches, leaving the height at that point 50^ feet above the directrix. 

Mr, Theodore Cooper says (Trans. Am. So. Civ. Eugrs., vol, iii, !>- 
23»): 

Each BpsD is compoaed of font arclied ribe spaced respectively Idi, 19, and IG) M 
apart from center to ceateT (Figs. 3 acd 4). Each of these ribs is composed of li"> 
lines of tubes (called tlie apper aod lower member acoordiog to tbeit portion), spaced 
IS feet apart between centers of tbe tubes. The several tobea aro about Vi feet Iddk, 
The upper and loner members of each rib are connected togetlier by a, Bjstem of tri- 
Dugnlar brsclug. Tbe first or skew-back tubes of each member aro rigidl; fantened 
(screwed into) the larfio wroogbt-iroo skew-backs, which in turn rest upon tbe bed- 
plates set into the maaonry, tbcnbole being Hrmly anchored to the piers orabutinentx 
by large steel ancbor-bolte. Tbe several tabes forming one line or member arerigidlj 
connected at their ends by STOOved coapliiiga(Fig. 5), carefully fitted to grooves cut on 
the ends of ihe tabes. The couplings are made in halves with flanges for boltiog 
Ihem together. Tbroagb the center of eacb coapliug and Ihe ends of the tnbes passM 
a taper pin-holo for tbe steel pin, \i\iaa wbicb tile braces and cross-stays are nttwibed. 
All joints were loade as nearly perfect as the befit mechanical appliance^) would permit. 

The section of the tube is a circle. Each tube has an envelope of 
steel one-quarter of an inch thick. There are six steel staves in each 
tube. Their thickness is as follows, beginning at the springing lines: 
Staves in first tube, 2i inches; second tube, 1| inches; third, 1|; foi ^ 
and fifth, 1/t inches ; thence to the center 1^^ Inches, 

The two lines of tubes, forming a single vertical rib, are united 
gether and braced by a single triangular system of vertical bracil 
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^rined of flat bars of wTongbt iron secured tx> llie tubes by steel pina 
iftBsing tlirongU the center of eath coupling. Each individaal tube is 
traight, the curvature of the rib being accomplished at the junction of 
bese individaal members. 
In the report of the Chief Engineer, 1863, pp. 32-33, it is stated that— 
A Rranite conrBe 9 feet id fhickiipss will !» liiid through the channel-piBra and IQ 
"^ aiiutniuijt.s, to receive the Bkew-lmtlo or heavy cast-iron plnteB nyaiuBt which tho 
d» of Che sruheB will rest. 

In the report for ISTO the arched riba are so modified that there are 
at two tubes in each 12 feet apart from centers, instead of i) feet as 
Pst designed. The granite coarse was probably increased to a corre- 
Minding thickness. According to the drawing in tho report for 1870 
le thickness through the piers at the springing line of the lower tubes 
aboat 31 feet, so that the distance from abutment to abutment at tho 
iringing lines ia about 497 + 31 + 515 + 3L + 497 = 1,571 feet. 
The batter of the masonry appears on the drawings about 12 upon 1, 
id as the springing lines of the center span are 41 feet above low water 
lesides there being an oflset of 1 foot), the width of the center span at 
_w water is reduced by about 9 feet; or is about 506 feet clear of 
Mbasonry. The side spans are reduced by about the same amount at 
"iw water, so that these spans are 4SS feet in the clear at the level of low 
'ater. The drawing shows the levee occupying about 30 feet of this 
iiore-span, bo that there is more space at low water than the river-banks 
Bord. 

Moadways and lateral bracing. — The loadways are supported by verti- 
Bl wronght-iron posts of "cruciform section" rising over the upper 
ftbes at the points where they are united with the lower ones by the 
risngtilar system of bracing. The two center arched ribs in each span 
re placed 12 feet apart from center to center. These two arches are 
boroaghly braced against lateral motion, both at the npper and lower 
Dbes. The outside arches are 16^ feet from the middle ones. The 
BVel of the railway in the middle portions of the span is placed near 
he tower tube, and this compelled a modification of the bracing used 
a the middle arohefl, wherever the upper arch rose above the railway- 
itrack. At these portions the lateral bracing is confined to the upper 
And lower roadways. 

In the report for ISCS it is stated that — 

The upper roadw.iy is 34 feet wide hetweeo the font-walkB. The latter are each 8 
feet wide, making the bridge IjCI feet wide between railiaga. 

I Captain Eada states (in Trans. American So. Civ. Engrs., vol. iii, p. 
^3) that the cost was increased by widening i feet. 

' The railway passajieB below the earrlBge-way will each be 13 feet C inthi'B in the 
tiBar and 18 feet high, and will extend through arch«d openioga of equal mxa iu the 
iratmentfi and picra. The railvcays will be carried over the wharves on each aide of 
"** ■ river on five atone archeB, each 26 feet wide, and wiU. be inclosed throoghonl this 
liy a cnt-stone arcade of twenty arches anpporling the upper roadn ay. After 
nng over those stone arches the railways will be carried throiii{h tbehlocka between 
vbarf and Third street on brick arches into the tunnel at Third street and Wash- 
ton avenue. Over the iutervening streets they will be oarried on wronght-iron 
Mga. On the Illinois shore the railways will curve off to the north and south imme- 
fttely after crossing the last one of the stone arches, and, with o, diiscendiiic grade ot 
toot in lOO.estendingahoot 3,000 feet, aiKlan[jportedi)n trestle-work part of the way, 
ley will reach the grade of the railways in East Salut Louis. The onrria^e-raud will 
agia to descend with a grade of 5 feet in 100, at the eastern end of the litidge, imme- 
^nStaly after the railway-tracks curve away from the latter, and will eotifortu at Third 
Jreet) in East Saint Louis, to the grade o'f that street. On the Ml«80iirl xide the car- 
h^way will bs continued over the rail way- track a from the bridge to Third street on 
'level grade. 
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Tlje railway grade beliveeu the two abulments is a little less than 1 
ill K'O. The railnaj gradieniR of the approaches are 1 in Itil), and snme 
trouble has been espcneiieed in the cmwling of the track under the 
action of the ilriving-w heels of the special locomotives employed, as 
has been the case with other bridEes with a grade of 1 in 100. 

The superstructure was erected by the Keystone Bridge Couipanj', 
under (he supciintendence of Mr. Walter Kait6. Jt was done witlioot 
false works, by aoppending the tubes from the towers with tie- rods, anil 
employing temporary Huchorages on the banks of the river. 

Foicnilation of tkepiem and abvtmctita. — The foundations all rest upon 
the bed rock of the river. The Saint Louis abutment with much diffi- 
culty was placed, by means of an ordinary coH'er-daD), upon the bed-ruck, 
about 13 feet below low-water mark. The others were sunk to the bed- 
rock by means of inverted caissons anil the plenum pneumatic process. 
Great ingenuity, boIdnesF, and skill were displayed in this work, whick 
Bucceeded with some loss of life, inseparable from the great air-pressure 
necesaarily employed. The depths below extreme low water to bed- 
rock were, for the Saint Louis pier, 58 feet ; for the east pier, 86 feet; 
for the east abutment, 94 feet. The water was rarely less than 5 feet 
above extreme low water, and it was important in economy of time to 
work with the water as much aa 18 feet above low water. It is proba- 
ble, however, that this increased pressure could not be generally en- 
dured when the pier- foundations IJad approached the bed rock at the 
greatest depth. The foundations of the shore approaches in the SaiQl 
Louis side were placed on rock. On the Illinois side they rest on piles 
cut off at about the level of low water. Considerable difficulty was 
tbuud in the yielding nature of the silt which had filled in the old clian- 
nel east of Bloody Island, and only the lightest trestle approaches conlfl 
be readily built there. 

Masonr]/. — Most of the stone used is the magnesian limestone of 
Grafton, but there is a course of ashlar of granite in all the parts ex- 
posed to running ice from 4 feet below low water up to the highest 
Hoods. 

XiMiif«.— The arcbes have been desigtied witbsuflideiit Btreagtli toauatain tliegreri- 
eat DumbeT of people tbat can stand to^tiier upon the csarriaKe-way aod footrptktU 
from ead to eud of bridge, and at tbe aanna time bave eaoh riiilwa.v- track baton' coh- 
ered from eud to end wiih locoiuotiveB. — (Eeport of EngiQeer-iu-Cbief for 186H, p. 33.) 

On next page of this report it is stated : 

The neigbt of the three BpanB and the mnxiuiam load tbcy are designed to bear it 
7.3 tuns pec lioear foot. 

On the diagrams of strains accompanying this report the weight of 
the structure is taken at 1 tou per linear foot per rib, leaving but 3.2 
tons for the moving or live load. In consideriug the moving loadsin 
devising the new Rock Island bridge, I was advised to allow 2,500 
pounds per foot for a single-track railroad, and 100 pounds per foot for 
each square foot of common road and sidewalk. This allowance wooM 
'lave required 5,000 pounds perfoot for a double-track railroad and 5,000 
jiounds per foot for a highway 50 feet wide, or a moving load of 5 tons, 
being as 25 to 10 over that provided for here. Both tracks filled witli 
eugiues would weigh about 5,000 pounds per foot, leaving out of the 3.2 
or 0,400 pounds live load, but 1,400 pounds per foot for the upiier 
roadway packed with people, which would be only 28 pounds per linear 
foot. This is evidently too small an allowance. 

The bridge designed by the convention of civil engineers, in the year 
1807, was for a siugle-tiack railway, moving load 2,184 poudiIm; tffo 

gon-ways, 14 feet wide each, moving load 100 pounds per square foot, 



i 
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or 2,800 pounds per liuear foot ; two sidewalks, 8 feet wide each, mov- 
ing load 70 pounds per square foot, or 1,120 pounds per linear foot, mak- 
ing a total moving load of 6,104 pounds per linear foot, which is almost 
as much as the present bridge allows for wider common roadway and 
one more railway. 

Mr. Eads, in his discussion in the American Society of Civil Engineers, 
page 322, states the cost as follows : 

Masonry — abntmeuts, piers, tools and machinery $2,364,452 26 

Superstructure, excluding approaches 2, 234, 655 42 

General items of engineering and contingent acconnt 400, 000 00 

Cost, excluding approaches 4,999, 107 68 

Cost for everything, including approaches, salaries, rents, engineering, 
steam and street railways, gas and water-pipes, all of its approaches, 
losses by failure of contractors, extra compensation and bonuses to ex- 
pedite work (but excluding tunnel and land damages) 6, 080, 331 47 

Additional cost of bridge, consisting ahnost wholly in items of discount, 
interest, and commissions on bonds, charters, legal expenses and sim- 
ilar expenditures, including $1,086,000 for real estate and right of 
way 6,000,000 00 

The opinions of engineers generally are unfavorable to this form of 

bridge. 

(1.) It is of a form that interferes too much with navigation. (Report 

of Army Engineer Board.) 

(2.) It is not considered a good pattern for economy.* 

(3.) It is subject to great strains due to temperature.* 

(4.) It is difficult to calculate the strains upon different parts and 

apportion the dimensions of parts.* 

This bridge has had a large influence upon the question of bridging 

navigable channels which is shown in the next chapters to this report. 

(Chapter Y.) 

Tabulated slattment of bridges on ihe Mississippi beUveen Saint Paulf Minn.y and Saint 

LouiSj Mo.f authorized but not built. 



Bridges. 



HIGH OR DUAW BRIDGES. 

Red Wing, Minn 

La Crosse. Wis 

Savanna, 111 

Clinton, Iowa 

MnBcatine, Iowa 

Port Madison, Iowa 

Warsaw, III 

Qoincy, III 

PONTOON BRIDGES. 

La Crosse, Wis 

Dubuque, Iowa 

Clinton, Iowa 



Act approved- 



June 10, 1872 

Feb. 21, 1868 

Apr. 1, 1872 

Apr. 1, 1872 

Apr. 1, 1872 

May 25, 1872 

May 17, 1872 

May 17, 1872 



July 6, 1876 
Mar. 3, 1873 
June 6, 1874 



Bemarks. 



By act approved June 6, 1874, may 
be built as a pontoon bridge. 



Authority expired by limitation. 



Highway bridge. 

Do. 
Railway bridge; it may be built 

under this act or under the act 

of April 1, 1872. 



Discussion in Am. Soc. Civ. Engre. 
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[TBD I 



General History of Bridging the JTavigaht.e Western Kivke&i 
IN ITS Relation to the Laws ; to the Decisions op the Unitbd 
States Courts; to the Debates in Congress; to the Oph- 
IONS OP Eminent Engineers, etc., givkn in a CHKONOLOGiCiL 
order. 

History of the bihdge across thk Ohio at Wheeling — History oh" tbk fieh- 

BRIDGE ACHOSa THE MlHSlSSIl-PI AT RoCK JsLiJJD— ABSTRACT 01' UEllATES IS CoS- 
GRBSS PHBCEDING THK AUTHOKIZATIOfJ OF BRIDOES ACROSS THK MlBSIBHIPW RlVBH— 

Abstract of debates ra Congkesh luqalizinc the bridqk across the Mi«bu- 
siFPiAT Clinton — History of flRiDcma the MiaaiasiPPiAT Saint Louia— Qdoii- 

TIOK8 FROM DECISIONS OF THE USITKD STATES Sl-I'REME COVRT FOR ISJUKIK.' HC8- 
TAINED AT THE SaIMTPaUL RAILWAY DRAW-BRIDGE— MSMORANDUM UPON aRroORTft 

THiu Ohio Rivbr suBaKQUKirr to the Wheeling uridoe case — Mbmorandc* 
upon Missouri River bridges — Abstract of laws rait aHiDoiNG thk Ohio, Mis- 
sissippi, AND Missouri Rivers. 

Introductory remarTcs. — The i ii form iit ion jiresented in this chapter coii' 
sistB of iioteB, &c., obtained by reading the iStatntes az Large ; the de- 
cisioDB in tbe United States courts ; tlie debates in Cougress, and tbe 
reports of engineers, together with correspondence in regard to points 
of interest upon which information was wanted. This was done atflrat 
for my own use, but it appeared to me when this report was aboat finished 
that it might contain information of value to others, who may have to 
coliaider this subject of bridgitig navigable waters, either as eugiueers or 
law-makers. I have therefore thrown these notes together in a geueral 
chronological order, and for want of a more appopriate term have desig- 
nated it as a general history of the bridging of the navigable western 
rivers, although it cannot but fail to rise to the dignity which the naniB 
implies. In chapters II, HI, and IV of this report I have treated tbe 
sabject almost purely in its relations to engineering and navigation, The 
present chapter, in a measure, exhibits tbe relations which these things 
have held to other interests. 

HISTORY OP THE BRIDGE ACROSS THE OHIO AT WHEELING. 

The first bridge over important navigable western rivers was llist 
across the Ohio Eiver at Wheeling, built in 1848-'49. It occasioueda 
suit for injuuction which came before the United States Supreme Court) 
the reports of which give us all the information we could desire np to 
that time. The whole subject is here so thoroughly considered that it 
is certain that no reasonable view could be taken of the subject at that 
time that was not then presented and discussed. It naturally furniahes 
us a good point of beginning. 

From these reports we learn that the National Koad as it was often 
called, reached the banks of the Ohio at Wheeling where the passage 
between Wheeling aud Zane's Island by ferry was found dilatory and 
precarious by day, and ordinarily useless at night, being frequeutlr 
impassable on account of ice, and that a bridge being much desi" 
by the people of Ohio and Virginia, acts were passed in 1810 
those States, authorizing a bridge across the river at Wheeling, 
which provided that if such bridge should be so constructed oai 
injure the navigation it should be treated as a public nuisance, and.] 
liable to abatement as other public nuisances. Ten years were allor 
for the completion of the bridge. 



BHIDGING THE MISSISSIPPI KIVEE. 137 

By an act of Virginia in 183fi, certain facilities for the reorgauizatioii 
if the bridge company were conferred, and by the consent of Ohio the 
time was extended ten years longer. This company eoustructod a eou- 
tiunous traas-bridge from Zane's Island t« the Ohio or western shore. 

la March, 1847, the legislature of Virginia passed an act retiring 
|Dd continniug certain parts of tbc^ former acts, and providing for tlie 
Feorganization of the corporation " with power to erect and keep a wire 
gnspension-bridge on and from Zane's Island to and npon the main Vir- 
^nia shore or bank at the city of Wheeling." 
^ This act contained the proviso — 

Tbat if tUe wtiil bridge Bliall be BO erected aato olistrnat the Oblu Kiver, as navi- 
bted in the usual manner l>.i- such steatnbiiatg and other croft as are ouw accnBtomed 
^ navigate the samu, when tbe river sbail be aa higb as the bigbest flood therein here- 
bfbre known, then uuleHB upon Biicb obatructioa being found to exiat, Biich obitruc- 
ietis shall be iuimadiutDly mmoved or remedied, the eaid Inst mentioned bridge mny 
troated bb a public uuiBaocu and abated accordingly. 

A petition for a law authorizing a bridge at Wheeling, was before 
jODgress in 1336, and urged during both sessions of the Twenty-fourth 
Congress without success. The matter was reported upon by Lieut. 
Steorge Dutton, Corps of Engineers, and Lient. John Sanders, Corps of 
Sngineers (House Doc., So. 993, Twenty-fifth CougresSj June, IS38). 
Tbey presented a plan for a HuspenBiuu-bridgo acrasA tbe Ohio Giver, having for itB 

rlis a strict regard to Ibe rights of uavigatioti. • • • Tliis pluo proposed a, span 
500 feet iu width and the bei|{ht of the iiiitbeflt chimney then known, aod in ordar 
provide for any change or improvemeut iu Bteamboata, the floor of tbe bridge w*as 
be movable ao as to allow the passage of boats, f Argument of Mr. E. M. StaDtnu, 
tetoio United Sates Supreme Conrt, Howard, vol. xiii.] 

It was stated that the highest flood, that of February, 1832, was es- 
Taordiuary and rose 44J feet above low water at Wheeling, that the 
ligbest usual flood does not exceed 38^ feet, but will not average 35 

et for spring floods nor much exceed 29 feet. 

It was claimed by the bridge company — 

That for all aseful narpo<iBB, the pipe? of steamboats need not exceed 47 feat abn^e 
IB wat«r, and that if tbe draught was not sufScieot, blowers might be added. That 
iiniaefsmigh('liavuh.tugeBOD tbeui bo that they could be lowered. 

The steamboat-men claimed that the existing heights of chimneys, in 
Kime cases 84 feet 7 inches above the water were necessary; and that 
Iheir large diameter, over 5 feet iu some cases, and their weight (the 
iWO together, in some eases, weighing 4 tons} made it impracticable to 
ower them. 

Steamboats of tbe largest class then running to Pittsburgh were on 
a average 230 feet long and over 50 feet wide. The pilot-houses stood 
fi feet above the water. 

The bridge from Wheeling to Zane's Island consisted of a single span 
Of 1,010 feet from center to center of the supporting towers, the height 
of which was claimed to be 90 feetat the eastern abutment, 93J feet at 
the highest point, and G:3 feet at the western abutment, above low 
*ater. 

The bridge was begun in 18iS. While it was iu the earlier stages of 

Eustrnclion notice was served upon the company, of a suit to enjoin , 
em July 28, 1849. This suit was brought in the United States circuit 
Dnrt silting in Philadelphia. Mr. Justice Grier, one of the judges of 
16 tJntted States Supreme Court sitting, transferred the case on August 
6, 1849, to the Supreme Oourf, " because the question of the plaintiff's 
Ight to prosecute this is new and involves the jurisdiction of the 
rt." 
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On January 11, 1850, tlie legislature of the State of Virginia passed an 
act " to the effect that tlie anspeusion-bridge as erected was of a lawful 
height and in conformity witli the intent and meaning of the proviso in 
the enabling act passed in 1847." 

The first report of tbe case, in the United States Snpreme Court, was 
or the hearing at the January term in Washington in 1850, and is re- 
ported in Howard, vol. IX, pp. 647-659, Pennsylvania v. Wheeling aiid 
Belmont Bridge Co. et al. On May 20, 1S5U, the court ordered the 
canse to be referred to the Hon. R. Hyde Walworth, ex-chancellor of tbe 
State of New York, as a commissioner of the court, thus far aflirraiug 
the question of jurisdiction, to which Mr. Justice Daniels dissented. 

The commissioner was to take such further proofs in the canse as tlia 
counsel for the respective parties may see fit to produce before liiK. 
The commissioner was also directed, if the bridge shoald appear to be 
an obstinction to the free navigation of the Ohio liiver, to state: 

VVIiat changes or alteratioos iu tbe coDBtructian and exiatiDg condition of tba anjil 
bridge, if any, can be made couHJBteut with tbe coDtiDuance of tbe game acrUM raid 
river that will remove Chit obsti'iiotiou to the free navigation. 

The commissioner was to report at the next stated term, Decemlier) 
1850. 

At the December term, 1S50, on the 13lh of that month, the commifl 
siouer's report was received, and the court ordered that the case be con- 
tinned to the next term, with leave to each party to file exceptions to 
the commissioner's report on or before the first Monday of July, tbe ex- 
ceptions to stand tor argument on the second Monday in December, 
1S51. Jf no exceptions shall be filed by either party, then the case to 
stand for final hearing on the day last mentioned. [See Howard, toI. 
11, pp. o38,5ii9.) 

The report of the case at the December term of 1851 is given in Hoif- 
ard, vol. 13, pp. 518-028. 

The printed report (more than 700 pages! of the comraissiouer, with 
the report of his engineers, and the evidence taken, was presenteii- 
Copies of this report are rare. Itwas printed by George White, at Sari' 
toga Springs, N. T., in 1851, His decision was that the bridge waa an 
obstruction to free navigation of the Ohio by vessels propelled by steaio. 
but not by any propelled by sail. That the bridge should be changed 
by raising " the cables and fiooriug iu such manner as to give a level 
headway at least 300 feet wide over a convenient part of the channel of 
not lessthau 120 feet above the zero on the Wheeling water-gaugf'' 
As built, the highest point was about 92 feet above low water level, aoil 
it descended each way toward the shores 4 feet in 100 feet, so th»li 
taking the highest point as a center of the highest space, 100 feet wide^ 
it is at its extremities only 90 feet above tow water. 

After a full hearing from learned conusel on both sides, a. majority of 
the court decided that — 

The brid|;e obstracts tbe uavigation of tbe Ohio, and that tbe .State of Pennsylvaai* 
baa Leeu and irill be irjnred. iu ber public worka in anch manner aa not onlyl'' 
uuthorize tbe biiiigiog of tbia Buit, bnt to entitle her to the relief prayed for. 

And on a full vieir of tbe evidence we are bronglit to the conclnaion that an elevt- 
tion of the lowest parts of the bridge for :iO0 feet over tbe cbaanei of the river, ei* 
lesB than IU feet from tbe low-water mark, will be aufScient, the flooring of thebTld|e 
descending from tbe termini of tbe elevation at the rate of 4 feet in the 100 feel m 
width, and will enable those whoae chimneyB are 80 feet hieh to poea under the biidgo 
when Ihe water is 30 feet deep from tbe ground, leaving the topB of tbe cliinmef« 1 
feet below the loweat parts of the bridge. If this or some otber plan shall not bt 
adopted which sbsll relieve the navigation from obatructiua on or before tbe 1st dtf 
of Fehruar; next (185.^), the bridge must he abated. 
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W«do not, cWtii it nctessary to proviile iigaiust tbo floods, wliiuU eeldoia otcnr, and 
which, when ut the liigliest, overwhelm the lower parts of the cities and. towns on 
Iba banks of the Ohio, and Heot'ssurily suspend, for a short time, busioess upou the 

I To this detiree Mr. Cbief Justine Tauey and Mr. Justice Daniels dis- 
rented, deuying jurisdiction ia the absence of mure specific legislatiou 
^y Congress, HDd for other reasons. 

Upon the opiuioDS being pronounced, the counsel for the defend- 
ants Buggtsted to the court that snuie other cliange might be made 
than Uiat directed, which wonhl be less ex]>eusive to the bridge 
company and equally satisfactory to the public, and submitted four al- 
ternative propositions for conaideratiou. These the court received, and 
an March 1,1853, directed Mr. William J. McAl pine, "the engineer, who 
iieted under the commissioner," to report upon them. This report was 
fnade May 8, 1832, and is given in the Howard report, vol. 13, pp. 
B15-621, aud made tiie subject of further argument, which, however, is 
act reported. 

Mr. McAlpine rfported that two sliding draws might be constructed 
serosa the western channel, over wliicU there was an ordinary low trass- 
bridge in continuation of the suspension- bridge across the main chan- 
liel, giving clear opening of 200 feet, at an expense not so great as rais- 
ing the suspension- bridge according to the decree of the court; that 
Blear draw-opening of 300 feet might be made by rebuilding this part 
of the bridge, but that it would cost more than raising the suspcusion- 
bridge. 

The court adopted his view that — 

A draw can be conatmcted in the wooden bridge over the western channel of the 
PriTer which will, ouder ordioary circumstances, oflec a safe aad convenient vassage for 
the largest class of boats wbiub ply from Pittsbnrgh, hivini; ohimneys 80 feet liigh. 

A draw of 200 feet was proposed, and one less than that would not 
answer the public demand. 

Without changing the former decree, it was left an open question for 

the bridge company to adopt this change instead of the other before 

he Ist day of February, 1853, " on which day the plaiutifl' may move 

he court on the subject of the decree, and if the proposed alteration 

n the western channel which being before the cnurt, will enable them 

I act in the premises aa the law and equity of the case may require." 

Mr, Chief Justice Taney aud Mr. Justice Daniels dissented, not only 

B8 to the jurisdiction of the court, but thought a draw giving a clear 

width of 100 feet at the utmost would be ample. Tbe continuation of 

the case of this bridge is in IS Howard, pp. 421-163. 

Ou August 31, 1853, Congress enacted — 

That tbe bridges across tbe Obio River at Wbee]in£;, in tbe State of Virginia, and 

t Bridgeport, in tbe State of Obio, abntting on Zane's Island iii said river, are hereby 

declared to be lawful Btrnctnres in tbeir present positions and elevations, and shall be 

|W> held and taken to be, anything in tbe law or laws of tbe United Stales to tbe con- 

Itrarj notwithstamUog. 

I That tbe said bridges be declared to be and are established post-roads for tbe pas- 
tMgeof the mails of tbe United Stales, and that the Wheeling and Belmont Bridge 
Company are authorized to have and maintain tbeir bridges at their present site and 
elevation, and tbe ufGoers and crews of all vessels and boats navigating said river are 
Squired to regnlate tlie use of their said vessels, and of any pipes or chimneys h 



loDKing thereto, so as not to interfere with the elevation and construi^tiou of said bridges. 
[lOStaC. at Large, 113.) 

The bridge company, therefore, took no measures to comply with the 
decree of the Supreme Court. 

In tbe summer of 1854 the bridge was blown down by a violent storm, 
and the company were preparing to rebuild it according to the original 
plan when the nest step in the history of the case was lattw. 
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A notice was served apon the bridge compcmy, aud pursuant thetetoj 
the attorney- general of Pennsylvania and coansel appeared before tlufl 
Hod, E. C. Grier, one ofthejaaticeB of the Supreme (Joart, at ehamberiil 
on the 26th of June, 1854, and moved for an injunction, as prayed tot i 
in a supplemental bill then exhibited. Un hearing the bill and affida- 
vits, the injunction was granted. 

The writs of injunction were served, yet they proceeded to erect tlie 
bridge notwithstanding, and it was completfid in November. 

At the Ueceniber term, 1834, the complainant filed a motion for a 
sequestration against the company for a contempt of court in disobey- 
ing the injunction, aud a motion for an attachment against the ofScers 
personally for their contempt in disobeying the injunction. 

A majority of the court were of the opinion that the act of Congress 
afforded full authority to the defendants to recoustrunt the bridge, and 
the decree directing its alteration or abatement could not, fierefore, be 
carried into esecutioa after the enactment of this law. The motion for 
the attachment was denied and the injunction dissolved. 
• Mr. Justice McLean and Mr. Justice Grier dissented, aud each gave 
an opinion. Mr. Justice Daniels concurred, and gave a separate opiuiou 
about the question of original jurisdiction. 

There were other suits against the bridge company for damages, but 
all fell upon the pEiasage of the act of Uougress legalizing the bridge 
and the decision of the Supreme Court in regard to it. In this respect 
the law was regarded as retroactive. 

The condition of this bridge and its effect upon navigation was re- 
ported upon by the board of engineers, composed of myself, ami General 
Weitzel, and Colonel Merrill, Corps of Engiueers, in ISTO. (See Auniuilj 
Report Chief of Engineers, 1871, p. 105.) 



This was a railway draw-bridge, opened for travel in ISofi, aud t 
down in 187-. It was probably the worst obstruction to navigation thdfj_ 
any bridge ever occasioned. Happily it now exists only in history, but 
that history is instructive. 

This bridge was built between the years 1853 and 1856, to connect the 
Chicago and Itock Island Railroad in Illinois with the Mississippi an J 
Missouri Railroad in Iowa, this latter extending from Davenport to Iowi> 
City, a. distance of about 55 miles. 

Authority to build. — A railroad -bridge company was incorporated by 
the legislature of the State of Illinois — 



To build, nukintaiD, and use a raiiroad-bridge over the MiBsisBippi EIrer, or thtttpoc' 
tion within the juriadicliou of tbe State of IIliDoia, at or near Rock latanil, la Bnub 
niauuer as shal! not materially obstruct or interfere with tbe free navigatiou of B»ld 
river, and to connect by a railroad, either io the State of Illinois or Iowa, termiQalioK 
at or near said point, * ' " * * 

Froeided, The said cnmpnii; sball coinnienoe said bridge n-itbin two years, and slisil 
couiiilote the earns within six jears from the passage of this act. 

This act was approved .January 17, 1853, and went ioto efl'ect imme- 
diately. 

There was much diflference of opinion as to the extent of thejurisdio- 
tion of the State of Illinois, but no one claimed it to extend beyond the 
center line of the deepest navigable channel between Rock Island and 
the Iowa shone. It does not appear that any special authorization tii 
extend the work from the Iowa shore to this channel-line was obt«iiie<l 
from the legislature of the State of Iowa. In the hearing of the bill 
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bqaestiDg an injuuetiou to restraiu the Mississippi and Missouri Rail- 
tod Company trotn rebiiililing or adiliiig to the piers, before Judge 
M. Love, ia the Uuited States District Court, at Burlington, Iowa, 
t Angast, 1858, it ia stated. 

The sftid Mississippi and Miasouii Railroad Cooipaiif ovru tbe land on the lona uliore 
bere tbe said bridge lerminateH, and have procured the rigUt uf nay and liave con- 
tnoted a railroad from said bridge to Inna City, a distiinoe uf about fifi niileB. That 
\ a color of ri^ht for the egtabllahnent nf said biidRS andasias the eame. Tlieybave 
■ooured a de«d of cODvcjaDRe from Antoine Le Claite, the former owner at tbe laud 
1 tlie bank of tbe river wLere Baid bridge terminatos, thereby oonveying to said com- 
fay the land to tbe center of the main diannel of said Nistisaippi Hirer, JncludiuK 
e Identical ^ronnd npun which said piern uro built on tbe luwu side of tbe main 
[annel of said river. 

In the answer, tlie tlefeudanta set up no otlier claim of right to build 
le bridge over the Iowa part of the river, so that the above quotation 
Fobably represents this feature of the right of way correctly. 

Authority coniesteil hut Bvsiained. — The route, as located, extended 
iver the island of Rock Island, then and now belonging to the general 
JDvemment, and held as a military reservation, and soon after the act 
if incorporation by the general assembly of Illinois, in lii53, the Secre- 
firy of War directed the United States district attorney of that State 
a apply lor an injunction. Tbe principal point made in the bill was 
kgaiust the right of way across the island, and tbe question of obstruc- 
tion to navigation only received consideration incidetitally. The depo- 
itioDS by affidavit and argument were made before Judge John 
HcLean, associate justice of the United St^ates Supreme Court, at 
ihambers, at Washington City. The opinion was delivered at Chicago 
Q July, 18S5, and the case is reported in the sixth volume of McLean's 
BeportB, page 517. The injunction was refused and the construction of 
the bridge went on, and it was completed, as already stated, in the 
winter of ]S55-'56, so that on the opening of navigation in 1856 st«am- 
iboats were compelled to pass through the draw-openings of the bridge. 

Injuries and euititfnr damages. — Serious delays and damages to vessels 
n passing the east draw-opening (the other being impracticable) at once 
>egan, and many rafts were broken up by the piers. On May the Cth 
the new steamboat Effie Aftnn, in passing the draw, was caught npou 
the head of one of the piers, careened over so as to upset one of the 
Btoves on board of her, from which she took fire and was destroyed. 
One of the spans (they being wooden Howe trusses) was burned with 
her. Fortunately there was no loss of life. Many other vessels were 
damaged during this year. 

A suit for damages against the bridge company was brought by the 
owners of the Effie Afton and tried at Chicago, III., in September, 1857, 
tbe Hon. John McLean, associate justice of the Uuited States Supreme 
Court, presiding. The jury could not agree and were discharged. 

On the 4th of January, 1858, the United States House of Representa- 
tives passed a resolution that the Committee on Commerce inquire if 
the bridge at Rock Island is a serious obstruction to navigation, and, if 
*o, to report what action, if any, on the part of the government was nec- 
eaaary- Mr, E. B, Washbnrne, chairman, submitted the report April 
15, 1859, printed as H. R. Report No, 250. Thirty-fifth Congress, first 
leasioD. This report states that it is the opinion of civil engineers who 
iaTe seen the bridge that its position ia very bad ; unlike any they have 
before seen ; and that it cannot be otherwise thana very serious obstruc- 
to the passage of boats. It states also — 
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If, aa the fiieciiU of tbe Itridge assert, the railroad interesta need a bridge neuttl 
poiot, surely it sliunld be oonatrnoted !□ the beat poaaibie mBUDer, Bind ao sMto&tSi 
the Ijeat water-way and eaaieat passage fur the very large number at boats pasn 
there, ^e thinfa tbe ooiupaDy have failed to do this, and tbat any bridge is a malei 
obHlrucliua which is auaceptible of being esaentially Improved. 

This report concludes as follows : 

From the evidence presented before your oorumtttee, they oaunot donbt bat thai 
bridge, aa at present couBtract«(l, is a material and dao^erous obstruction to the na 
gation of the Mis^saippi Rtver, bub they believe that (he oonrts have fall and amj 
power to remedy any evil that may exist ia that regard. At present tbey a "' 
dined to reeommend any action by Congress in tbe premises; but whether 
future time it may not be expedient to direct the proper law officers of the govetnoM 
to proceed against the bridge, thia oouiniittee will not now aadertake to determiae. 

Appeaded to this report is an abstract of tbe Effie Aflon trial; 
opinions adverse to the bridge of Capt. M. 0. Meigs, Corps of Engiueer 
General Joseph G. Totten, Corps of Engineers ; Mr. Charles Ellet, j 
civil engineer ; and the presidents of several iiisurftnce companies. 

The bridge-piers, aa first bnilt, were very weak structures, most 
timber cribs filled with stone. They were not only temporary in ti 
kind of material, but were not of proportions as to weight and streng 
to withstand the impact of ice and other tloating bodies in the sw 
current in which they were placed, although resting on the rock-bed 
the rapids. Hence it was that in 1858 it became necessary to repla 
and strenerthen some of the piers ou the Iowa side of the channel- 
vigorous effort was made by the navigation interests to obtain an 
junction and prevent the placing of any more stone or enlargement 
the piers. The case kuown as Ward I's. The Mississippi and Missoi 
Railroad Company was presented and argued before the Hon. John '. 
liove, district judge, in the United States district Court, district of lo^ 
opening at Burlington on August 19, 1S58. Tbe plaintiffs support 
their case by elaborate affidavits from eminent civil engiueers aud ski 
fal pilots and other navigators, to tbe effect that the structure was 
most serious and unnecessary obstruction to navigation. The jndj 
decided, for reasons given, not to grant the injunction. 

The plaintiff immediately filed a supplemental bill, setting forth th 
since filing the original bill there was reason to believe the defendan 
were preparing to increase the obstructions by new works not stated 
their answer to the original bill, and praying that they be enjoined fin 
doing anything not set forth iu that answer. The hearing upou tl 
SDpplemental bill was adjourned till I^ovember IG, at tbe request oft 
defendants, they stipnlatiug that no cribs or other structures should 
placed in the river until this hearing. Beportof the suit, including £ 
testimony, was published by the Missouri Republican, and printed 
pamphlet form by George Knapp & Co., Saint Louis, Mo. 

At the request of certain Senators and Representatives in Congre 
the Secretary of War appointed a board of engineers, composed 
Capts. A. A, Humphreys, G. G. Meade, and William E. Fraukliu, Coi 
of Topographical Engineers, to examine and report upon the IU 
Island bridge. Their report is dated May 0, 1859, the examination h; 
ing becB made iu April preceding. This board cousidered tbe engiu 
ing questions, and made careful measurements of velocities, and deti 
mined the injurious effect of the piers. They reported that the brid 
was not only a material obstruction, but one materially greater tfa 
was necessary. The report was printed with the report of Col. J. 
Abert, Chief of Topographical Engiueers, annual report of the Seoi 
tary of War for 1859, pp. 836, 837, 838, 839, 840, SU. It was the cat 
of the provision in the bridge laws requiring the piers to ba parallel 
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le cnrrent. I bave, oa account of its general bearing on the subject oi 
iridging the Mississippi, iuserted it liere. 

Dbi'roit, Mich., Mag S, 1859. 

Sir: The BnanJof EuginaBrsDrgaiiized in coofjrmity to your letter to tLe honorable 

irotary of War, dated March 1, 1359, for tha pncpoao of makinif certain examina- 

QB upou the conaCraotion of the railroad bridga across tho Miasiaaippi River he- 

>lweeD Rock lalanil, in the State of Illinois, aud Davenport, in tho State of Iowa, baa 

\tiie boDOr to auhinit thu following report : 

'' The Board waa fumisbed with copies of the letter addressed to the honorahle Sec- 
tary of War by certain Seoators and Kepreseotativus in Congreaa asking for its 
■pointnient, and the letter of the Bureau of Topographical Engiueers to the War 
■arciuent KpecifyioK points for the Hoard to examine and report upon. Copies of 
maps of the survey of Kock Island Rapids, made by Capt. li. E. Lee, Corpn of Eu- 
eeiB, in ISItT, and of the survey of the aame rapida, made hy Lieut. Q. K. Warren, 
irps of Topographical Engineers, in 1S5H, were also furnished. 

It being understood that the condition of the bridge was a subject of greater com- 
iplaint at high than at low at.agea of vcater, the board awaited the intimation of Mr. 
3, W- Bisaell, agent of the Saint Louis Chamber of Commerce, that the river was in a 
bvorable condition for examination, upon the receipt of which informaliou it pro- 
Npeeded t« Davenport, Iowa, arriving there on the 29d of April lost. At Davenport the 
board found Mr. Bisuell, with aasiatants, instruments, Slc. It also met the president, 
iU^eriDt«ndent, and other ofBcere of the railroad companies interested in the bridge, 
from whom It received detailed drawings of the bridge in all its parts, with surveys 
iif the river and other valuable information, aaving much time in the examination, 

The Board takes this occasion to express ite thanks to all of the above-mentioned 
gentlemen for the courtesy extended to it during its visit. 

Aa the Board was advised of the fact that the expenses were to he borne by the Saint 
!LoaiB Chamber of Commerce, and found Mr. Bissell prepared with the necessary 
'means, it proceeded at once to make the observations requisite to enable it correclly 
to report upon the various points submitted to it in its instructions. 

From the drawings above alluded to, and from personal examination, the Board 
^nnd that the railroad bridge is placed at the foot of the rapids, and is thrown from 
the island of Kock Island to the city of Daven[>ort, Iowa ; that it Is supported by two 
■tone abutments on the shores and six stone piers. The spans (five in tlDtnber) are 
860 feet broad, the draw-spans being at the water level (9j feet stage) IIT and 112 feet, 
mspectivoly, Diaking the whole length of the bridge 1,K)5 feet. 

' The piers, except those of the draws, are 35 feet long and 7 feet broad at top, and 
iE3 &et lotiK and 11 feet broad at the bottom. The two small draw-piers are 39 feet 
^oiiff and 10 feet broad at top, and 54 feet long and 14 broad at the bottom. The turn- 
■Umo pier, including the guard-pier and starling, is 355 feet long and 40^ feet broad at 
!tbe t«p, and 386 feet long and 4.^ feet broad at the bottom. 

This pier is composed of a stone ceuter pier 35 feet In diameter at tbe top, the re- 
^nainder being crib-work filled Dp with stone. The np-siream starlings of all tbe 
ptera are isosceles, right-angled triangles. Tbe center line of tbe roadway crosses tbe 
toni-table pier 210 feet from its head ; this pierbeing 115 feet longer and 19 feet wider 
on top than the truss which forms the draw, Tbe snperstrncture of wood, built npon 
Sove'e patent, is 20 feet above ordinary high and 33 feet abore ordinary low water. 

The first points to which tbe Board directed its examinations were the velocities and 
Sirections of the currents. To determine these with accuracy, baeoH were measured 
above and below the bridge, and ohaervora, with theodolites, were stationed at each 
txtremity of these bases. Floats of different depths, ranging from 1 to 8 feet, were 
iHarted in all parts of tbe stream, and siniultaneouH angles were taken to them ait 
liven intervals, hy which means the exact |iath of tbe float and velocity were deter- 
aiined with accuracy. Additional observations were made with Maai's pattnt log, 
^lue being taken to compare a snfflcieut number of velocities obtained from these with 
ftoae determined by the iloats, to get the correction which these instruments require. 
3%a results of these observations aie shown graphically on the map submitted with 
Ihia report, and are also tabulated and annexed in the Appendis C. 
' By examining tbe map and table, it will be seen that the current in the main ehan- 
hel at » point 1,200 feet above the bridge, and beyond its influence, ia 4.3 miles per 
boar; that nnder tbe bridge it vai'iea from 4.5 to GA miles per hour; and that at a 
boint 1,700 feet below the bridge, where the river has resumed its regimen, the current 
U3.75 miles per hour; and, finally, that at a point one mile below the bridge it is only 
S>8 miles per hour. 

It will be seen that above the bridge the direction of the current makes with the 
,mi:is of the piers different angles, varying from 26=' to 14° 30' ; that, through the Ilii- 
jKois draw of the bridge, the angle with the axis of the pier is 5^~, and that below the 
"bridge the angle varies from 8=" to 9° 30'. 

After ohtttiuing the directions and velocities of the currents the differences of the 
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level of the water iu and alrant the Illinois draw wsre delermineil. Tlioae laveln are 
Bhowii iu tlie aunexed aketub (Aiipeudis D). An iiiipeclion of Iheaa levels will aliifw 
that the fall of tlie water from toe head to the foot oi the turn-talile pier is 16 ini^lies. 
Other differenoes of level are also (riven. Tlie Board, with the data furaished by tb« 
company, Tiz, the croaa-aection of the river nnder the hridi^, and Che detailed dim«n- 
aiona of the piera, baa oompated the obstractionB to the flow of the water doe to Oil 
anhmer^ed part of the bridge. The obatrnetion due to each pier was computed 09 fol- 
lows : The croas-aeation of the submerged part of the iiler, perpeudieiilar to ita leuglb, 
was compnted from the data furuished by the railroad aonipauy. Thia area was mnl- 
tiplled by the cosine of the angle of iuclination of the current to the axia of the pier. 
The product was the obatructiou due to the width of the pier. 

The area of the anhmerKed aide of the pier waa multiplied b; the sine of the anile 
of inclination of the cnrrent to the axia of the pier. The prodnct was the ohBtmctiWl 
due to the leueth of the pier. Thia prodnct added to the Grat ^ave the total obstriiH 
tioQ due to the pier. The atarllogs have been left ont of oonaideratioa in the oalo^lH 
tioo, and only the leogtha of the straight part of e«!b pier has been taken. "I^H 
resnlls of these coniputatlaQB are attached to thia report (Appendix E). ^M 

An inapection of tbis table shows that the total obstruction prenented to the StfJB 
of the water is 4,S81 square feet, and that the portion of this amonnt due to the tnclini- 
tjou of the current 19 3,916,2 square feet, or.6fiof the whole; that is, were the same 
piers placed parallel to the corrent, the obstruction to the flow of the water woold ba 
about one-third of what it now is. 

The Board also computed the height of backwater due to this obstruction, and til 
increase of velocity imparted to the current thereby. The data for this conipatatU 
were the elemente of the cross-section and piera as fnrnlahed liy the railroad CMDpr 
and the asaumed mean velocity at fbe site of the bridge, prior to its cooetrnctlol 
miles per hour. This last quantity was deduced in the obseace of actoal obserrftli 
by finding it, to be the mean velocity above the bridge and beyond Its inflnenoe H 
point where the area of the cross-section was the same as that of the site of the briSi 
The computations and their results are given in the Appeodii F. 

The general level of the ricer is raised by tbe piers of the bridge .49 foot, or 
iuches, and the increase of tbe mean velocity dne to the contraction of the w 
ia 2.27 feet per second, or 1.55 Miles per hour, making the computed velocity under 4 
bridge 5.55 miles per hour. 

The Board fi Daily e:s:amiDed the river below Hock Island, and carried a line of so 
inga across tbe river on the linn of the ferry between tbe cities of Rock Island ai 
Davenport. The maximum depth in the channel- way was found, near the lowaaboB., 
to be about 23 feet, and the velocity of the current S.8 miles per hoar. The bottom in 
the chanoel-way was lock, and in other parts coarse gravel and sand. 

Tbe Board hoa now presented all of the facts collected by it, and proceeds 1 
ierialim upon the points referred to in the letter of the Bureau of Topographical Engi- 
neers, dat^ March 1, 1859, a copy of which is hereto appended. (Appendix B.) 

1. Tbe Board is of the opinion that the rail road -bridge which crosses the Uiasiaalw 
River between Rock Island, iu tbe State of Illinoia, and Bavenport, in the Statol 
Iowa, ia not oonatrncted according to correct priuciples, refereuce being had to the ST 
tereats of navigation. 

2. The piers of the said bridge are not of the best form, and that there was n< 

tical liifflcnhy in oonatrncting them of the proper form. With the exception . 

tnrn-table pier, the Board is of the opinion that the defective form of the piers If 
mftCter of no material importance. The turn-table pier will be more particularly d 
ferred to ia the answer to the nest question. 

3. The ODly pier larger than is necessary ia the turn-table pier. This pier, _ 
oplntoD of the Board, shonld have been coustmated no longer or broader than waa H 
Bolntely nei'essary to sustain the truss when tlie draw is open, and protect it from 9 
jury by pasaing boats. It might have been conatrncted with a length of 39o feet, af 
ing ample support and protection, and being actually 355 feetiu length; thediff<an_ 
60 feet, ia unnecessary, aud, in the judgment of the Board, pemioions. The effeof 
making it longer than waa abaolntely required ia to contract the water-way, Inaid 
the velocity, narrow the draw-paaaage, and present more surface for boats to iM 
against, thua increasing tlie difficulty of their pasaage through tbe draw. Id a piet^ 
tuis size, the form of the starling is of importance, and the upper faces of the par 
shonld have been carved snrfaoes. 

4. The piers are not placed parallel to the current, but at angles varying from 96° to 
14'' 30'. Tbe eA'ect of this obliquity is to treble the obstruction to the How of tliii 
water, and consequently to affect the iucreaae of velocity in the same ratio. Aooth<ir 
consequence is that the passages of steamboats and rafts through the draw and be- 
tween the piers are rendered much more difficult and bpzardoua. Fnrthermore, tbi! 
draw on tbe Iowa side is rendered useless by the formation of an eddy therein. 

5. The velocities of the different parts of tbe river In the vicinity of the bridge bav* 
already been stated, and will be found tftbtilated in Appendix C, 
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I C, The edd; oa the Iowa side of tlie taro-table pier, as nearly as conld be eBCimated, 
Vabottl IW feet at tbe foot of the pier, and the tarbuleni'e or boiling of tbe water ex- 
^nds about 500 feet below. This eddy, however, is aoostaatly varying in ita position 
Dd dimeoBioDS. Ita etTuct ou the pasHi^es of boats asceoding and descending is iiu- 
k>al)l«dly lo reader them more difficatt, on aceonnt of Ihe care required to avoid f;et- 
'us one part of tbe boat in it while another part ia in tbe current of the draw. It has 
sen previoosl; stated that the eRect of this eddy in the Iowa draw is to render it 
_ Mlese. 

J<7. Tbe surface of the water at the np-stream end of the tarn-table pier is 10) inches 

Above the surface of the water at the down-etreani end. The extent of the ba^k- 

yater or rcmon*, as nearly as cuold be estimated, is abont 150 feet. 

, B. The bridge ie badly located, aod, in conaeqaence of this bad location, is a greater 

"'' itmetioD to the passages of steamboats and rafts than woold have been necessary 

I the location beea good. Aoy site in the vicinity below Kock Island, oat of the 

^lidcnrrent, would have been better. The Board, having this fact in view, esamined 

^ a line of the ferry betneeo Kock Island City and Davenport, and found that there 

roald be no practical difficulty iu tJie erection of a bridge at this tiite or near it, which 

Hdge, if constructed ou proper priucijdea, would bo no material obstrQction to navl- 

9. The Board, under this head, deems it expedient to submit a statement of the num- 
ar of steamboats and lafts which have passed tbe bridge, as well as tbe number of 
[jiMwieDxers and loaded cars that have crossed it since its opening. These statistics, 
jWiliiiiii i1 from the records and reports of the railroad company, are sabmitted to show 
be msEnitnde of the interests involved iu tbe commerce that passes over and under 
jke bridge (Appendix G). The Board passed the bridge in steamboats, asceodiag and 
loBceiidiog, and also witnessed the passage of numerous boats and rafts. 
The qnestion of the practical difflcoltf of pafisiug the bridge being dependent on the 
Be aod power of the boat, the draught of water, shape of hull and obedience to helm, 
Wpe of tbe npper works, and direction and force of tbe wind, together with tbe per- 
ual«kill and judgment with which the boat is managed — conditions varying with 
uth boat, and requiring special knowledge — the Board has not thought it incumbent 
pon it to enter into its discussion, particularly as it is well kuowu that this matter is 
>w before the courts, and that the testimony of experts is beiug takeu. 
■The Board, too, has considered that the duty imposed upon it is one purely of en- 
ibeering. 

I In this view of the case it has endeavored to collect all of the facts and data for the 
xect aolutioD of the problem, with au earnest desire to bring into the disonssion only 
■Miial poinle, and iu its deductions to do justice to all parties concerned. 
In ooDclnsion, the Board considers it proper to recapitulate some of the well-kuown 
riDoiplea of bridge-bnilding, to show how far they have been conformed to or de- 
irted from in the Rock Island bridge. These principles are; 

First. That at a given place, in locating a bridge over any stream, the site where the 
viooity of the current is a minimum should be selected. 

H SeoMld. That in designing a bridge the piers should have a miuimnm cross-section 
^""ntBiateot with the support of the superstructure, thus oGTering the least obstruction 
Ithe flow of the water, and increasing the velocity of tbe current, as little as possible. 
Third. Tbe piers should always be placed parallel to the thread of the stream for the 
ime reasons as those stated in the seoond principle, and because they thus render the 
IHage of boats aod rafts less difficult. 

Fourth. In designing a bridge over a river having a large commerce in boats and 
■Bs, the draws and spans should be of the greatest praotioable width. 
In applying these principles to the Rook Island bridge the Board is constrained, with 
ttreme rii^ret, to report that all have been violated ; thus rendering tbe bridge not 
nly an obstructicm t« the navigation of the river, but one materially greater than there 
■^ any oooasion tor. 

Tits Board fully appreciates the value and importance of the railroad traffic, and is 
t.oiHllifHltbat a bridge ia necessary, and should be constructed, not only at Rock Island, 
^^'' at other poiats on the Mississippi Elver; but it is also of opinion that the later- 
involved in the free navigation of this noble stream demand that in locating and 
onstrnctiug these bridges, unusual study should be brought to bear to insure the pre- 
Rntation of the least possible obstruction to the navigation, and that all oonsiderations 
'expediency and economy should he made to yield to the paramouut interests of the 
imnieree of tbe river. 

Very respectfully, your obedient servants, A. A. HUMPHREYS, 

Captain Corpn Topographioal Eagiaecrl, 
GEO. G. MEADE, 
Captain Topographical Engineers, 
WM. B. FRANKLIN, 
Captain United Stattt Tupographical Eagineeri 
Col. J. J. Abbbt, 

Corps IVpoff rap* icaf Engineers, irashingion, D. C. 
8. Ex. C9 IU 
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There was no longer a doubt tbat this bridge was a most serious ani 
dangerous obstructiou to navigatiou, owing to its bad location and faults 
construction. 

A final bearing of tlie case of Ward vs. The Mississippi and Misaonvi 
Bailroad Oompauj was bad before Judge Love, at the March term of 
1860, at Keokuk,. Iowa. The testimony of the members of the Board ot 
United States Engineers was taken at this bearing. The court, on the 
3(1 of April, ordered, adjudged, and decreed as follows: 

That that portion of the railroad bridge aoroBH tLe Miasisaippi River at or netr 
Davenport, within thfl State nf Iowa, being a part of the commonly called Rock laiini 
Bridge, aad which is a part uf the MisBlsalppi and MisBoiiri Railroad, is a common tad 
public nuisance and a material obBtmction to the navigation of the said river bf 
ateambonts and other craft ; that so much thereof as is within the State of lows, to 
wit, all the piers between the lonKortiirn-tsblepicrand thelowaside, wait at the time 
of Sling the said bill and has ever since been tiie property of the defendant, 
the possession and nnder control of the defundaat. That the cotuplainaut 



time of filing his bill, and for along time prior thereto bad been a boat- owner and 
navigator of the MissiBBippi River b; steam and a c4)mmaDder of steambuata in tlie 
trade from Saint L<iuIb, Mo,, to Saint Panl, Minn., and so continued to the time of tha 



decree J tbat he was at the time of tiling his bill the owner of the intttrest . .. 
eteamera Conneieoga, Femiina, and Canada, eet out in the amendment to hla bill, and 
that they were of the value therein stated, and was the commander of the Canada. : ' 
continued such owner and commander to the time of this decree; that he was, at . . 
time of filing hia bill, engaged with aaid boats in the same trade, carrying freight aul 
paasengera, and bo continued doring the time aforesaid ; that said boats were during 
*11 that time duly tilled up, manned, eqoipped, inspected, lioensed, and enrolled nnder 
the laws of the United States relating to veBselB propelled in whole or in part bf 
steam, and carrying freight and paasengera, and to those relating to the coaating trsds 
and fisheries, and were being nseil by the complainant in carrying on commerce in said 
trade nnder said laws as common cnrrierB of passengers and merchandise ; that aaaaeta 
owner, commander, navigator, and common carrier, the oomplainant, at the time of 
filing bis bill, had, and cuiitinneil to have, a special and peculiar interest la the Davi- 
gation of aaid river between the points aforesaid, and in its commerce between tlw 
Hune, and at the place where aaid bridge is located ; that said bridge is a material and 
seriona damage, hinderance, aod obstruction to him in his said busicefs aa a navigatoi 
and owner or steamboats engaged in said commerce, and that he anSered large sad 
irreparable injury iherefrom at the time he filed his bill, and continued so to safe 
ancb injury, and for which there was and ia no adequate remedy at law, and thai bt 
is entitled to have said bridge abated and removed and the river restored to its origi- 
nal coodition. 

And the court does further order, adjudge, and decree that the defends nt abate tnd 
remove all of the said piers within the State of Iowa, together with the BuperstrncloM 
thereon, on or before the first day of October next ; that said defendant commence taid 
abatement and removal within thirty days from the entry of this decree, and proceed 
therewitb as rapidly as it may reasonably be done; and that they remove the pier nea 
to the long pier on or before the first day of July next, and the remainder of it b; ibt 
first day of October next- 
It Is further ordered, adjndged, and decreed that in default of said ab atemeut u)d 
removal as aforesaid, that au order isaae to the marshal of the district re q airing bin 
to abate and remove the same as is hereiabelbre provided, and tbat he sunimon to fail 
Aid all necessary and proper aasistatice therefor. 

It is further ordered, adjudged, and decreed that the said removal be made al tli» 
costs of the defendant, and said defeiidaat pay all costs which have now accrued, taiti 
*t S> , within ninety days from entry of this decree, and any and all fnrtber coati 
in eieouting this decree from time to time aa they accrue, and within forty days IhxB 
tha time of their taxation, and in default of the payment of the costs of oresaid ihil 
execution issue therefor. 

(.'n the 4th day of April, the solicitor for the railroad company prayed bd 
appeal to the Supreme Court of the United States from the decree of tbe 
district court, which appeal was allowed on the filing of a bond for the 
sum of $10,000. 

The decision in this appeal by the Supreme Court was that the conrt 
in the district of Iowa hart no jurisdiction to remove the part of the 
bridge which was within tbe State of Iowa. There were three dissent 
ing Judge?, but neither they nor tbe majority touched the question as to 



BEIDOING THE MISSISSIPPI RIVER, 147 

nbether the bridge was or was not a material obstruction to navigatiou. 
rbts CAse, Ward vs. Tbe Mississippi and Missouri Bailroad Company, is 
reported in 2 Black's Supretue Court Reports, p. 485. 

There was iio longer a question tbat some further action on the part 
of Congress was necessary to give to tbe courts tbe requisite juriadic- 
liou to try saita against tbe bridge company. The troubles preceding 
the war which broke out in 1861 probably absorbed too much of the 
attention of Congress to allow of any further cousideratiou of tbe case 
it that time or at any time until the war was over. Then it was decided 
establish an arsenal ou Rock Island, and to have tbe railroad track 
Bmoved to such part as would not interfere with the use of tbe island 
the pnrpoaes of an arsenal, and to build a new bridge adapted to the 
8 of a highway as well as a railway. Tbe first act for removing this 
iridge was approved June 28, 1866; it made the same requirements in 
be interests of navigation aa the act authorizing the bridge at Quiney, 
U., passed at the same session. In 1872, the new bridge being finished, 

e first bridge was taken down. 

This bridge is described in tbe report of the board of engineers in- 
Herted above. It is shown on tbe map of the new bridge (Diagram 20) 
accompanying this report, Chapter IV, with very numerous observations 
npon the currents as they were about tbe piers. 

In the debates upon the bill for tbe removal of this bridge but little 
08 said coueerning the bad features of it, bat they were frequently 
iferred to in the debates upon the bill authorizing a bridge at Quiney, 
[1., and in the debates upon tbe bill declaring tbe bridge at Clintona post- 
tnte, abstracts of which debates are given further on. 

Tbe following is an abstract of the debates upon tbe act of Jl 800, 
fbHoh provided for the removal of this bridge : 

In the Senate, on May 21, 186fJ (Debates, page 2706), Mr. Wilson, 

lairman of Committee on Military Affairs, reported Senate bill. No. 330, 

provide for occupying Rock Island as an arsenal. On May 22 (p. 2738) 

r, Wilson explained objects of the bill. It proposes to direct the 
ecretary of War to fts and establish the position of Chicago and Eock 
dand Railroml on the island of Rock Island so as to best accord with 

le purposes of the goverument ia its occupancy of that island for mili- 

Tj purposes. 

The bill passed. 

In the House of Representatives on May 23, 1806 (p, 2780), Senate 
Ql No. 330, Rock Island arsenal, &c., received. 

Ou May 20 (p. 2839), referred to Committee on Military Affairs. 

Ou June 22 (p. 3351), Mr, Schenck, chairman of Committee on Mil- 
ary Affairs, reported Senate bill No. 330, with an amendment as a sub- 
dtate. It extended the provisions iu regard to the bridge, and made 
tern more definite and positive. 

The bill was explained and passed. 

On June 22 (p. 3337), Senate bill No. 330, bridge at Eock Island, &c., 
eturned from the Ilouse to tbe Senate. 

On June 22 (p. 3349), Mr. Wilson said : 
The ameudiuent ia a snbatitnte nbich I recommend. 

This was agreed to. 

In the House of Representatives, on June 23 (p. 3375), message re- 
vived from the Senate tbat the substitute was adopted and passed. 

Both tbe cases of the bridges at Wheeling and at Eock Island illustrate 
lie great delays attending all attempts at redress in suits iu equity, and 
le necessity for Congressional legislation to regulate tbe building of 
ridges so as not to utiuecessarily obstruct navigation. 
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In completiDg tbe history of tie first Book I»lai]<t Bridge above, Ihal 
been carried beyond the time of the a,uthorization and building of the 
importaut railway bridge across tlie Obio River at SteubeuvUle ; but,w 
I shall have occasion to particularly refer to it furtber ou, when HpealoDK 
of my official duties connected with it, I bave thought best to continue 
the account of tbe Mississippi Biver bridges. The following abstiactt 
of the Oongressional debates are not only interesting as a part of tJu 
bistory of the subject of bridging, but show tbe points raised and diree- 
tioQB in which I was expected to pursue the investigations which Con- 
gress then authorized : 

The subject was introduced in the Bouse of Bepresonfeatives on De- 
cember 20, 1865 (Debates, p. TO), by Mr. HABDiNa, of Illinois, by ajoint 
resolution to declare a certain bridge and ferry across the Mississippi 
Biver at Quincy, III., a post-route and national highway of commerce. 

It was referred to the Committee of Roads and Canals. 

On February 19, 1866 (p. 919), Mr. Wilson, of Iowa, introdiioed ioto 
the House of Representutives a bill to authorize a bridge at Kuokflk, 
Iowa, for a railroad and wagouroad, and declare it a military and post- 
road, which was referred to the Committee on Post-Ofliees and I'oat- 
Boads. 

In the Senate, ou February 23, 1866 (p. 979} Mr. Howe, of Wiscon- 
sin, introduced yenate bill No. 163, authoriziug Milwaukee and Prairie 
duGhien Railway to bridge the Mississippi River, which was refwred 
to the Committee on Fost-Ofdces and Post-Roads. 

On March 7, 186G (p. 1333), Mr. Paine, of Wisconsin, offered in the 
House a bill to authorize a bridge at Prairie du Ohien, Wis., and dedare 
it a post-route, which was referred to the Committee on Post Office! 
and Post-Roads. 

On March 8, 1866 (p. 1253), in the Senate, Mr. Ramsey, chairman of 
the Committee ou Fost-Offices and Post-Roads, reported Senate bill No. 
163 with amendments. 

Ob March 27, Mr. TeuMBtrLL introduced Senate bill Ifo. 236 to es- 
tablish certain post-roads (a bridge and ferry across the Missisaiiip 
River at Quiucy, 111.), which was referred to the Committee on Pctft- 
OfSces and Post-Roads. 

On April 12 (p. 1906), Mr. NoHroN introduced Senate bill No. 26J, 
authorizing the Winona aud Siint Peter's Railroad to oonstract a 
bridge as a post-route, which was referred to the Committee on Post- 
OBBces aud Post-Roads. 

Oq April 16 (p. li)54), Mr. Bahsey introduced ajoint resolution tn 
appoint a commission of Army engineers to examine and report upon 
construction of railroad bridges across the Mississippi River. 

On April 19 {p. 2033), Mr. liAMSEY reported Senate bill No. 236, wilh 
amendments. 

On April 25 (2163), Mr. Ramsey, in oxplauatiou of Senate bill No. 336, 
said, it makes it lawful for any one having autliority from the State of 
Illinois to build a bridge at Quincy, III., to be a pivot draw-bridge, the 
openings each side of this pivot to be not less thau 150 feet, placeJ *t 
an accessible aud navigable point, and of the next adjoining spans not 
less than 250 feet; theremust be a span over the main channel of tbe river 
not less than 300 feet in length ; the bottom chord to be not lesi thun 
30 feet above low water, nor less than 10 feet above high water ; to be 
recognized and known as a pQst-ronte. He amended (Ist) to re«iai(S 
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tbeautborit; of Missoari as ^ell as Illinois, which was agreed to; (2il) 
to provide for litigation, by extending the jurisdiction of tbe United 
States district courts over the bridge in any State in which any portion 
of the bridge tonchea ; this was agreed to ; {3d) to strike out the pro- 
visions for length of span, ami, instead, leave it optional to make it with 
i draw or with continuous spans. In the latter choice, elevation of 
ottotn chord must not be less than 50 feet above extreme high water 
Dd the spans not less than 2.50 feet, with piers parallel with the cur- 
wt; if a draw-bridge with a pivot, the draw must be over the main 
haonel at ao accei^sible point, and with spans of not less than 175 feet 
length on each side of tbe pivot pier, and the next adjoining spans 
t less than 250 feet; the bottooi chords not to be leas than 10 feet 
)0V6 high water nor less than 30 feet above low water; amenduieat 
ireed to. 

Mr, HENnERSnN, of Missouri, desires to amend by adding Hmnibil, 
Jx, after Quincy, 111. 

Hr. B&MSGY oujected, anil suggested its withdrawal, ani that it be 
Tered as a separate bill. 

Hr. Hendekson pressed his motion and stated his reasons. He 
raght it an act of justice to Hannibal, which had every claim to tbe 
ivilege that Quincy had. He lived within 30 miles of both places. 
I was opposed to all low drawbridges, and would vote against the bill 
vea if his own amendment was adopted. Tbe bridges btiilt under these 
evisions would surely Iw draw-bridges, not high continuous spans. 
e claimed that they should be high bridges, as provided in the bill for 
Htit Lonis, with bottom chords 50 feet above extreme high water, but 
mtead of spans 600 feet, he would accept 400 feet. 
A Senator said, " It cannot be done." 

Mr. Hendeeson said, "Mechanics say it can be done; they inform 
e that a span of 600 feet can be built." 
Another Senator said, " Only by iron suspension," 
Mr. Hendeeson answered, " I care not how it may be done. We 
K>t high and wide spans. In the course of a few years transportation 
f barges alongside of steamboats has come into pra^stice, requiring 
neb more si)ace than formerly. Bafts are sometimes 300, 400, and 500 
tin length. It may be said that rafts are never as wide aa 150 feet; 
it I do not know, bat some are very wide, and repeated diOioulty has 
HI experienced in getting them through the Rock; Island Bridge. A 
ifli- mi^ enter the opening properly, but before the entire raft gets 
troagh it may strike the piers." 

Mr. Griues said. " The bridge at Rock Island is right at the foot of 
le rapids, where the current ia very strong; but no such condition can 
list at Quincy." 

Mr. Trumbull said, " The span there is only 112 feet." 
Mr. BAiiaEY said, " The whole ditticulty at Rock Island is the obliquity 
f the piers to the current." 

Mr. Henderson said, "That is the very difflcnlty that I am sug- 
wUng." 

Mr, Rambby said, " That is well guarded against iu this bill. They 
» here required to be in the line of the current" 
Mr. Henderson said, " Bnt it may be that they are iu the line of the 
iiTfiDt in low water, and yet will not be iu the line of the current at 
Kb water. The current of the Mississippi is not always in the same 
le; the current changes even iu high and in low water." 
iOn April 26 (p. 2192), Mr. Norton moved that Senate bill No. 2C3 be 
*nted. Ordered. 
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Ou April 30 (p. 2300}, Mr. HEKDEBaON witlidrew his ameailmeDl for 
the present. 

Mr. Gbimes offered an amendment to autlioiize bridge at Barlinglou, 
Iowa. 

Mr. Easisey spoke at length oii the general subject. He descrilied 
the three bridges built at Saint Paul, Oliuton, and Eock Island: tlie 
first high and no obstruction, the others alleged to be very obstructive, 
lie quoted from the report of board of United States Engiueers, con- 
demnatory of the Eock Island bridge, and explained the action of his 
committee. The provision for continuous spans with bottom ohordS* 
feet above liigh water, he said, experienced river men told the commiCtee 
was all that is desired. 

Whore the ehimneya ara t:»llBr than tiiat, the arrangeuieot is to lower them upon tlw 
telescopic plan, which has lieeo intcoduced thure. 

With regard to the spans other, than the pivot span, we have the in- 
formation of competent engineers that au excess of 300 feet is not advis- I 
sable. General McCallum, civil engineer, who had charge of railroad 
and bridge structures daring the war, says: 

The luDgest dran-htidge ever conatructed in this country la of two openings of IdI) 
feeteaob. Altii<)ugliIdouotuoiisi<]ereTenaBrea.temidtbiDipraclioahle, I nevertbelen 
trould consider it unuecessary aad impolitic. Any bridge located at right angles miSi 
the stream, with cdrrbnt of not mure than 4 miles an buur, all parpoass of navigatiou 
should be full; met by l.'H) feet openiugs. 

Mr. Howe said, "I understand the biil provides for these openiDgs 
to be 175 feet." 

Mr. Ramsey. "No ; the pivot-pier and the one-half of the rest-pier at 
each end on which it rests detract from their width. The length of the 
whole span is 350 feet and leaves a clear draw of IflO feet. That mueti 
can be done, and I think it ought to be conceded. I think in this bill i 
we have guarded all these various interests on the river. We have in- 
Bured a passage-way suflncieutly large, the piers to be in line with tbe 
current ; to be 50 feet above high water, if with continuous spans." He 
said, " I would oppose bridging in the interest of my State and of navi- 
gation if we could avoid having bridges, knowing that the river trade 
of 1865 amounted to twice as much as our foreign commerce; but, from 
the immense capital invested in the railroads that approach tbe river, 
they will cross it. It cannot be expected that they can be successfully 
resisted forever. The fact is, that almost in spite of law they are build- 
ing bridges. It is, then, important at this time, before these stiuotures 
are up, when it will be impossible to remove thera — the interest retaiuiog 
them being so large — that Congress should step in and regulate the con- 
struction so as to be as little injurious to navigation as possible.'^ 

Mr. Howe asked what evidence there is that a draw of the length pre- 
scribed is manageable. 

Mr. Ramsey said, " There is au iron swing-bridge at Brest, Frauce, 
spanning a water passage of 347 feet in the clear, which coat $406,000. 
Ic is a government work. It is desirable we should strike a medium in 
theerectionof these swing-bridges across the Mississippi, so as to neilber 
injure the river nor the bridge interest. If we make them too large, 
theywill often be out oforder and immovable, and the boats cannot pass. 
If they are made of smallest size, as requested by some, thecbauuel-way 
will not be large enough for business. They should be easily workable, 
and at the same time as large as can be allowed. This is the propel 
medium." 

Mr. GBIME3 stated he would support the bill, and said that the draff 
at Eock Island was only 112 feet." 



BKIDQINQ THE MISSISSIPPI EIVEE. 151 

Mr, Eamsef said, " Oue ia 112 feet, the other 117 feet," 

Mr. Ubimeb aaiil, "Tliia bill requires tbe draw to be 175 feet," 

Mr. Ramsey said, " Not 175 feet, but 150 feet ; probably a few feet 
more," 

Mr, Trumbull said, " That had better be more definite, so as to make 
its meauing clear." 

Mr. Geimes said the bridge company could always locate the draw B' 
as to have the current at all stages directly through it. He kaew the 
carreats changed, but experience had shown that works could be built 
to preserve them in a desired course. 

Mr. Bamsey said, "I have the opinion of Captain Blakely, who has a 
long ex|)erience in navigating the Mississippi Biver, to the effect that 
the draw-openings should not be less than 150 feet in the clear, and, if 
practicable, 175 feet in the clear. Capt. W. F. Davidson, a long and suc- 
cessful uavigator, says he thinks the bill should be auieuded so as 'to 
force the company to build a draw,' considering that less obstruction 
than the bridge with continuous spans,"* 

The committee did not feel at liberty to report against allowing these 
bridges, and, in many respects, thought it desirable to seize this oppor- 
tanity of regulating them, Mr. Ramsey said he would, however, at tbe 
same time, desire that Congress should authorize the President or Sec- 
retary of War to send a commission tfl survey the whole river, and 
decide, at least as to the future, what should be the character of the 
bridges there. The probability is that before the close of the next 
session of Congress you will be compelled to authorize a dozen of these 
bridges. The thing will get to be serious when they come to be so 
namerons as that. I think we have guarded this bill as well with tbe 
light before us as it was possible to do, and yet I should like, n^ben this 
expensive building of bridges on the Mississippi Biver is entered upon, 
to have the opinion of a Board of scientific Engineers; and, with that view, 
some days since I introduced a joint resolution, which was referred to 
the Committee on Commerce, but they have not seen &t to returu it with 
a report. I feel reluctant to vote for any other bridge than tbe one 
reported by the Fost-Uffice Committee on this bill, simply because it is 
but one, though I have no particular objection to any other, except as 
to the number; but I hope when this bill passes we shall authorize a 
commission to be sent to survey the river aud determine and settle the 
essential points to be guarded in the construction of these bridges, how, 
when at the same time the railroads may be accommodated, the navi- 
gation shall be preserved. My resolution was in the following language: 

"That the Secretary of War lie dLrecte<3 to appoiut a commission, to oooaiat of ttree 
offlcera of the Corps of Kagiueera of tlie Army, to examiue and. report at the present 
Beasion of Congieiia, if practicable, aud, if uoi, before the next seaaion of Confess, 
upon the aabject of the conatTnotioii of railroad bridj^ea acroas the Misaiaaippi Rirttr, 
atSQcb localitiea and npon aooh plans of Loostniotiun aa will offer the least impedi- 
ment to the navigation of the river ; and that $1{),UU0, or aa much thereof as maf be 
Upeeeenxj, be hereby appropriated. 

"I should much prefer before very many bridges are authorized that 
this commission should be sent out to view the river, and famish us the 
best information on the subject." 

Mr. Henderson offered an amendment making an additional section 
to the bill, and authorizing a bridge at Hannibal, Mo. It was agreed to. 

Mr. Henderson next proposed to amend the second section by strik- 
ing out that part which lefc the bridge-tender to decide whether the 
boat could go under or not after receiving the signal for opening the 
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drfiw. He thought there micht be a tronblesome question raisoillien] 
between the bridgenieu and the bontmeu. This amendment was »J 
jected. 

Mr, Henderson moved to araeud by strikiog oat the fourth seeCid 
declaring the ferry at Qniney a post-route. 

Mr. Gbimeb sustained the amendment. 

Mr. Teuitbull opposed it, bat said lie had no interest in it ftirtU 
than to authorize these great lines of travel to accommodate themseli 
to each other. He thought the time bad come when we have got »' 
have bridges. 

The amendment was agreed to. 

Mr. Henderson wished to farther amend by compelling the bridge 
to be of continuous spaus. He said that al] the interests he represented 
wanted high, continuous spans. He said when the law authorizing the 
bridge at Stenbenville was passed, Senator Collamer, who report^ it, 
requiting spans of 300 feet, said he did not believe it possible, yet it waa 
built, the bridge costing $&00,0(K). The Senate being in Committee of tlie 
Whole, and this an amendment to an amendment already agreed upon, 
was decided to be out of order ; the bill was then reported to the Sea- 
ate. 

Mr. Tbdmuull moved to make the bill so read that the draw-openings 
should be 150 feet in the clear, which he understood to be the intentiou. 

Mr. Eamset said that, as worded, the widths of the pivot and adjoin- 
ing piers might be snch as to leave a little more than 150 feetiDtbfl 
clear, and inasmuch as he would like to have 200 feet in the clear he 
wished to hold on to all the bill allowed as reported from the committee. 

Mr. Henderson opposed Mr. Trumbull's motion. The bill was cleaily 
drawn with the idea that the openings should be 175 feet in the clear- 
Mr. Ramsey said they were not expected to be that in the clear. 

Mr. Henderson urged to have wider draws. He said, " They have 
wider ones in France; why cannot we have them heret Is it po8Bil)le 
to build a bridge with a draw 175 feet? If so, there is no stream on 
God's earth that reiiuires this width of draw more than the Mississippi- 
I warn the gentlemen, who are Just as much interested in this snbjeot 
as I am, that they are doing a thing this morning they will regret iu tbe 
future. They should remember that they are interfering with tbat 
navigation which is much better for the people than any transportatioa 
they can get by rail." 

Mr. Geimbs said that the river takes the transportation in the wrong 
direction. " We are not only anxious sometimes to go to Saint Loois, 
but for facilities for reaching the eastern cities. We want, if possible, 
to be able to do so in the winter, when the ice is rnnning, when it is im- 
possible to cross sometimes for weeks in succession without great risk 
of life; and we want the opportunity, when we choose, to send our freight 
and live-stock to the only market we have, withoat breaking balk at the 
Mississippi River. This bridge is opposed, because it does not give suf- 
ficient opportunity for boats to pass. Hid not the three Army engineers 
state that the objections to the Rock Island bridge werp soMy beoauee 
the piers were not parallel with the stream V Is not this bill prepared 
to meet that objection t I, who live on the Mississippi, aud represenl 
several tolerably important towns, am deeply interested iu the navip- 
tion of the river, and I would not do a single thing here or elsewhere 
that could by any possibility obstruct the free navigation of the stream; 
bat we want at the same time, if it can be done, and we are sattftlieil 
that it can be done, opportunities to get eastward as well as southward 
and north ward."* 
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Mr. IIbt<idebsott said be cotifiidered the bill to mean clear openings 
f 175 feet, else why did the cbairman of tbe committee read a letter 
rom a steamboat Ciiptain saying such a width wan required t 

Mr. Tkumbull said the chairman had twice stated he did mean that, 
tod it is best to have the wording so that there shall be no doubt about 
~ie meaning. I have consulted the Senator from Minnesota (Mr. Ram- 

ty), and he is willinjr to make it specific, by saying the openings shall 
lot be less than 155 feet. 
^ Mr. Eamsey said, " I agree to that." 

Mr. Henderson said, " I will compromise with the Senator from llli- 
poif, if he will put it at 160 feet." 

Mr. TRT^niULL said," Well, I will agree to that." 

Mr. Henderson said, "Very well." 

Tbe aiuendment was agreed to. 

Mr. Henderson proposed to amend by inserting the requirement 
bat, if with continuous spans, the main span should be over the main 
jfaannel and not less than 300 feet wide. 

Mr. Bamsey said, " I do not iusist that the spans shall be only 250 
bet. I hare the opinion of an engineer attached to the War Depart- 
rent. He says : 

Id Hgard to the questiou of economy ami pmctlcabillt.y of IrnsB-bridees Tar rail- 
uttds, 1 luve tbe, honor to state that, iu m.v jniigment, spaDs of STiO feet iu the clear 
ito aa great as should be adopted for crossioe navigable rivera. 

j " These are the extent of the spans we are familiar with. The great 
fridge constructing across the Susquehanna Giver has spans of 250 feet. 
it is desirable to have 300 feet, if the Senate think they can be con- 
illTicted of that width." 

Wt. Henderson said, " Every bridge on the Ohio is built with 300 
eet spans. It is a general law {pp. 280-290 of the Senate acts of 
i861- 62). Several bridges bare been built not under the law, and they 
lave led to continual controversies iu the courts." 
Mr. Ramsey said that "in a narrow stream a high bridge is easier 
irown, but the Mississippi is wider than the Ohio." 
Mr. Henderson said, " But that has nothing to do with the spau," 
Mr. Ramsey said he had no objection to the amendment. 
Mr. Henderson said, "I wish also to provide that, if a bridge wilh 
lOatlnuoua spans, the span next the main span shall not be less than 
120 feet, and uo space over the part where water flows at low water 
ball be less than 175 feet." 

3I&. Bamsey said, " But you are shortening the length of spans from 
!B0Teetto220feet." 
Mr. Henderson said, "There certainly can be no objection to that." 
Mr. Ramsey said, " I do not object to enlarging the main span to 300 
iiet, but I do to reducing the other spans from 250 feet to 220 feet." 
Mr. Henderson asked if there is any objection to tbe 300 feet span. 
Mr. KiRKWOOD said, "That is assented to, I understand." 
Mr. Henderson said, "I suppose that is not a matter of very great 
oonseqaence, because all these bridges will now be built with a pivot- 
pier." 

Hfe then proposed au amendment to include all the provisions he had 
presented. 

The amendment was rejected — yeas, 7; nays, 21; absent, 21. There 
iras apparently a misuuderstanding, for right after this vote the amend- 
ment to have the main span 300 feet and over the main cbaotiel was 
adopted. 
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The Senate tbeu concurred in the ameDdmeat as amended, and alao 
adopted the additional section providing for a bridge at Hannibal. 

Senate bill No. 236 was then passed. 

On April 30 (p. 2299), Senate bill No. 23fi, to authorize certain bridges 
and to establish post-routea, was received in the House. 

On May 1 (p. 2303), Mr. Eamsey reported, in the Senate, Senate bill 
No. 263, with amendments. 

On May 2, in the House, Mr. Harding, of Illinois, moved that Sen- 
ate bill No. 236 be printed j it was ordered. On May 3, Senate bill Ho. 
236 was amended so as to autIiorJ»e any railroad to build bridges on 
same terms; also specifying tlie bridge at Keokuk. Tbe matter waa 
debated, and the bill, as amended, referred to tbe Committee on Post- 
OfBce and Post-Eoads. 

On May U (p. 2562), Senate bill No. 263 was taken up in tbe Senate, 
and Mr.RAMSEY, chairman, said it had been considered by the Commit- 
tee ou Post-Offices and Post-Eoada, who bad the other bills in charge, 
and, as amended, it is similar to the one we passed a few days siuce> 
The amendments were agreed to. 

On May 18 (p. 2665), Mr. Howe said, " I desire to call attention to 
the amendment of the first section. Is not that a new principle t It is 
as tbllows : 

And in case of any litigation ariSiog from any obstructiou nr alleged obstruction to 
the free navigatiou of said, river, tbe cause may be tried before tbe district ooart of 
tbe United States of any State to whiuii any paction, of aaicl obstruotioa or bridge 
tuuclies. 

Mr. Eamsey (p. 2665) said, " It ia embraced in all the other bills that 
have been reported here by tbe Post-Office Committee. It is to avoid 
a difaculty that occurred in the litigation in regard to the Kock Islanii 
bridge. I believe the proceedings were first had in the district court of 
Iowa; and I think it was then held they had jurisdiction only to the 
thread of the stream, and hence had not jurisdiction of the whole mat- 
ter of the bridge. This is to give that juiiadiction to the courts." 

Mr. Howe said, " I have no objection to it." 

Mr. Eamsky said, " The amendment was suggested by those who hare 
in charge the iutereats of navigation at Saint Louis." 

Mr. HovTB proposed to amend the bill so as to allow the bridge to 
built either at ha, Crosse or Winona, as the legislatures of the tffi 
States should elect. 

Mr. Norton opposed this because there was no railroad or anchoritT 
to build one from Wiuona to La Crosse, and that the Wiscousiu legis- 
lature would give it to La Crosse and the Minnesota legislature to Wi' 
nona, and there would be no bridge at either place. 

Tbe debate continued ou this amendment until the consideration of 
the bill was postponed. 

On May 22 (p. 2760) Mr. Howe's amendment was further discussed 
and rejected. 

Mr, Henderson offered an amendment to strike out the provision foe 
a draw-bridge, and require continuous spans. He said: " High bridges 
of 400 feet spans of truss, are practicable. It was strenuously urged 
the other day, when a similar proposition was before the Senate, that 
one bank of the MisBi8sii)pi is always low, and that, therefore, it will b« 
impossible to build these high bridges. It seems to me better to intrnal 
the matter to a board of scientific men — a board of engineers. It" 
Senator from Minnesota (Mr. Ramsey) has proposed a resolution tin ' 
think this body ought to adopt before going into this business of brii 
ing with low draw-bridges the Mississippi lliver. He proposes to hai 
a scientific board established togoout and esamitie the Mississippi Ki'" 
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II and see at what pointa it may be safuly bridged, aiid report the charac- 
I terofthebridges that, under the circumstances, ought to be coustructed. 
Let them go out and report to thia body at the next session whether this 
thing is practicable or not ; they can report by next December, Draw- 
' bridges are an immense obstruction. I have been told by steamboat- 
' men that an opening of only 160 feet will materially and permanently 
injure commerce. The Chamber of Uommerce of Saint Loais have seat . 
here a large delegation to protest in the name of the people of the West." 
'r Mr. Cowan said, "I will vote for the amendment with pleasure. I 
[■ have had considerable experience in the navigation of Western rivers, 
' and I have a very clear and distinct opinion of my own that nothing 
I could be more mischievous to the interest of the carrying trade of the 
country than the construction of such low draw-bridges. 1 have no hesi- 
tation in saying that it would be better for the United States to-day to 
appropriate $1,000,000 for the construction of a liigb bridge across the 
' Mississippi Eiver 90 feet or 100 feet above low-water mark, with a span 
of 600 or TOO feet, than bnild a draw-bridge upon a stream of that char- 
acter. I have no doubt that Western men will regret tli,eir action in a 
very short time if they allow these great streams to be obstructed by 
erections of this kind." 
The consideration of the bill was postponed. 

On May 29 (p. 2S66) Mr. llENDEESONsaid: "I wanta test vote on this 
amendment; I want the commission sent out to see if such low bridges 
are a necessity, and that high bridges cannot he built ; if they report 
that these high bridges cannot be built, I shall be willing to let the low 
ones be built. A proposition is now pending in the Senate, authorized 
by the Committee on Commerce to be attached to one of the appropria- 
tion bills, to appoint a Board of Engineers to go and examine the river 
and report as to the proper kind of bridges to be constructed." 

Mr. Gkiiies favored low bridges ; the to^j^na were mostly low down on 
the river banks; high bridges would not suit them; bridges woald 
never be built except at railroad termini; ultimately they might aver- 
age one for every 50 miles ; the detention would not exceed 15 minutes 
in passing each. He knew the Burlington and Quincy bridges, if 
authorized, would be begun this summer, and time would be lost wait- 
ing for report of commission. Bridges of 400 feet span would embar- 
I rasB the companies ; they would be forever unsafe. They never sbould 
I exceed 200 feet, and, in case of a pivot-draw, 300 feet from end to end. 
I Mr. PoMEROV said : " The river is an obstruction to the railroad. The 
I time is coming, and I think has already come, when the commerce of 
' the rivers must give way to some extent and be discommoded by the 
I commerce of railr[>ads. Let the companies themselves judge of the 
< character of the structure. Let them be allowed to build it where they 
' have to cross the stream, and only require them not to obstruct the 
navigation of the river more than such structures necessarily do. That 
is the language of the law in regard to bridging the Missouri Eiver." 

Mr. GUTHHiE said lie was decidedly in favor of high continuous spans ; 
Congress had compelled the Louisville bridge to be 90 feet high above 

I low water. "At the falls the highest rise is 44 feet ; it has only reached 
this three times in tlie memory of man — 1T92, 1831, 1S47. If the law 
had allowed us to build 70 feet above low-water, we would have been at 
work now. We have a draw-bridge at Nashville and have had a multi- 
tude of suits growing out of it, and are having them every year. I am 
' satisfied that a skillful engineer who takes the whole subject into con- 
' Bideratiou, not only cost now, but trouble, vexation, and cost in the 
l| futnre, will decide in favor of continuous span bridges." 
The further consideration was postponed. 
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' iln the Utb of .Inne. in the Umise (p. 3166), Mr. Wisdom intratii 
a trill for a briilKo at Winona, and entabliah it a post-ront*, which v 
reffltrfld to the Committee on Potiit-ORleos and Fo3^Road!) 

On July IL'th (p. ;}7«0), Mr. Alley, chairman of the Committee ( 
I'ost'OnieeB and PoHt-itoads in the House, reported ba<;k Senate bil 
No, 'Sm, with amendments. A» referre<l, it providwl for bridges at 
(jl)iiioy, at itiirtlngton, and at Ifannibid. 

The bill wan amended to provide for a similar bridge at Prairie-dnn 
Ohirn. 

Mr. Allison naked, " Why not pass a general law so as to authnri^ 
every railroad to bridge that wishes to cross the Mississippi River f 

Mr. Alluy said the committee was unanimous against the passage o 
Hiich a law. 

Mr, Unci AN asked " If wehnd not passed a law directing the Seeretarjj 
cif Wnr to iiinke a survey of the Mississippi River to see where bridgi 
niiilie built f 

Mr. ALLKYsaid, " I believe it is true, but I see nothing in this W 
iiicoiiipiitible with thatuctioti, iftbis House sees tit to pa«s it." Ameu 
irient agreed to. 

The next nmciidnipnt was to expressly reserve " the right to alter (j 
amotid. NO as to prevent or remove all material obatructions to navigi 
tioii of tiaid ri\'er by the uouatrnction of the bridges." 

Mr. Wilson movetl to amend ao as to provide t'or & bridge at KeokuU 
Thin amendment was ngn^etl tn. 

Mr. WiNiKiM moved to nnieml by adding a section to provide for 
bridge at Winona, with the same provisions as provided in Senate I'" 
No. 1'63, 

This aniendmetit whs ag^'eed to after division — yeas, SO; nays, 3 
flbfent, OS. 

On the I4tli Jnly (p. 3Sll) this bill was further amende<l so as 
iiiclnde the piwvisions for bridges at Saint Iionia, at Dubuque, Iowa 
and for a briilge over the Missouri Kiver at Kansas City, Mo. A 
amendment declaring the Clinton bridge a post-roate was debated an 
i"Hiected. The detwte upon this amendmeDt is given in the report upo 
Clinton bridgr. 

On .Toly Kith (|>. 3^^) announcement was re<ceiT«d in tlie Senate tlU 
the Houae ha<l passeil Senate Wit No, 336. 

On Jnly 17th (|». :IS54), in the Senate, Mr. Ramsey rei>orted Senaf 
bill S(v 2^ and reoommwhiwl conctirrenc* in the Honse amwidDwnti 

On Jnly IS (p. SSSW) the bil! was taken up in the Senate. The & 
MB^dmeiat by the Houw was for a Imdge at Saint Lonis, not to bel 
RrtSpensJon or draw-lmdge. the bottom chord to be 50 fwet above t)M 
city directrix at the main span ^ to have one span at least 500 feet H 
the cIe«T or two spans of .'Jo*' feet in the clear eacb. If tbe latter il 
l>nilt. the S|Vkn over tbe main ch«.ni(et shall be jO feet above tite ci" 
directrix. This amendnienr was agrewi to. 

The next amendment, providing tor a britlge at Keotnk, lowa^ wai 
agreed to, 

Mr. Brown offered an amend ment to constrnct a sabmei^ed loin 
bridge at Saint I^nis. but afterward withdrew it.. 

The hill then passed; bnt on motion to reconsider by Mr. 1 
Sf>?), he oflbred an anwndnient as follow* : 

PrnrMfd, TtiW if Ihp Ivmril nf pncinwrf anr.horipr'r " " • " 

States Hi the i»p»™wii jwtwion of Oonffwwi Mi ev-amiiif 
roporl on the BuWwt of hridgf ocDstmcrioii tbw*oti. - 
vnt«l hriilum of pontiniiAus spans z-*!! f* oonstnicii'i. 
^xp*iiw t<i thp fwmi«nj- biiildinc them ihtiD (tmw-li!.., 
tf nnvipntinn, thMi no ilnt^ -bridge slmll V>b cpiiim«ijp<'<l ■>' ninstnu tpi'. nai 
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This Mr. Henderson advocated at leugth, and claimed tbat the 
fauthoriziog of tLis board of eugineers iu the river and harbor bill meant 
^that no bridge should be built till this engineer report was received. 
.Jhe Koek Island bridge is a nuisance whieli will, in the coarse of a few 
I years, be declared such and taken down. 

Mr. YATE8 replied, taking nearly the same ground as Senator Grimes, 
{■already quoted. 

The amendment was rejectetl — yeas, 14 ; nays, 19 ; absent, 16, 

Mr. Hbkdbrson offered an amendment that no draw-bridge should 
ibe erected prior to March 1, 1SC7. He again urged the importance of 
kthe engineer report before acting : 

|l If the SoaChern Statea are Te[ireBBnted again in tLe CoD)(reBs of Ibe United Siates. 
tif these bridges are put across tlie river they will have to come down. Mark wbat 1 
mil ;oa, 1 predict to da; that these bridgeswillnotbe permitted to stand If CoDgress 
niereafter can vote tbem down, becanse tbey will jirove an obstruction to the river. 1 
nm satisSed of that. 

LMr, Gbimes argued that the low bottom-lands of the Mississippi would 
ot allow of high bridges, without embankments, that would bring the 
ptowns where the railroads crossed ; high bridges were to him utterly 
|4mpracticable. 

Mr. Cowan asked, " Why put the bridge at the town?" 
■Mr. GaiUES explained the character of the Mississippi River. 
I Mr. Henderson replied to Mr. Griuaes'sassertiouas to impracticability 
i>*f high bridges. 

Mr. Brown sustained bis colleague (Mr. Henderson). He was not 
opposed to railroads. There was a universal protest from the naviga- 
iption interests against draw-bridges. Give us the bridge of a height of 
>S0 feet above high water, and make it a permanent structure, aud we 
jwill forego onr objection; we will take down our chimneys; we will 
'Change the construction of our steamers ; we will dispense to a great 
tuBxtent with the height of our pilothouses, and will adapt our system of 
[navigation, as far as practicable, to facilitating the transit across the 

I Mr. Johnson advocated theamendmeut. Hewascounselin the Wheel- 
kingBridgecaseforthe bridge. It waserected by the authority of Virginia 
(Alone. The court recognized the right of the bridge, provided a draw 
m»e made so that boats could go through when they could not go under ; 
pbut if a draw or some other such provision could not be made it must 
toe abated by raising it to OO feet above high water. Congress passed 
n law, however, declaring the bridge a legal structure as it stood, and a 
gaajority of the Supreme Court held that that was within the power of 
Kongrees. Congress has a right to prescribe what draws bridges shall 
^ave, or whether or not to have any, and also the height of chimneys. 
^Ve shall regulate these matters by law, but should wait for the report 
lot' the engineers before doing so. 

The amendment was rejected — yeas, 11 ; nays, 25 ; absent, 13. 

Mr. Henderson proposed to amend, so that there should be no bridge 
i-otlier than a submerged tubular one built until after the report of the 
I engiueers. 

The amendment was rejected. 

The House amendments were then concurred in. 

The House concurred iu the Senate ameudments, aud the President 
Upproved the bill July 25, 18CC. 

jl (For further information coucerning the views of members of Congress 
'on this question see reports on Clinton and Saint Louis bridges.) 

"" .building of the Quiucy bridge was set ou ibat as soon as the act 
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wasapproved, it already having becu aiitliorized by the States of Illinoig 
and Missouri. 

The provision of the river and liarbor bill in regard to surveying llie 
river did not specify a " board of engiaeers," and under it bat one en- 
gineer was assigned to the charge of the work. 



lu December, 186j (debates, page 133), Mr. Price, of Iowa, intro- 
duced ajoint resolution iu the Iloase of Representatives, declaring this 
bridge a post-routfi and highway, which waa referred to the Committee 
on Post-Offices and Post- Roads. 

On July ]2, 1S6C (debates, page 3709), Mr. Alley, of Massachn- 
setts, chairman of House Committee oo Post-Offices and Post-Roads, 
reported Senate bill 236 (authorizing bridge at Quincy, 111., &c., which 
had been referred to this committee}, with aaiendmenta, one of whick 
was to make the bridge at Clinton a post-road, provided it does not 
materially obstruct navigation. A very instructive diBCuasiou on this 
ameodmeut took place in the House of Kepresentatives on Julv 14, 
1860.— (Pi>- 3S11-3818 of the debates.) 

Mr. WASHBUBHE, of Illinois, offered an additional provision, that tbia 
section should in no way interfere with lawsuits now pending, and not 
take efifect until the said bridge shall be made to conform in widtb of 
draw and all other respects with what is required to be done with 
reference to all other bridges referred to in this bill. 

Mr, Allby would not aecept this. Ue said his committee had given 
both sides a full hearing, and he had been directed, with one dissentiDg 
vote, to report a separate bill, but not being able to do so he put it M 
an amendment. 

Mr. Washbubnb opposed the bridge, as being built in defiance of 
law. 

Mr. HOGAN opposed the Clinton bridge and all other bridges not giv- 
ing at all times a clear height of 50 feet. 

Mr, Alley said Clinton bridge had been in operation eighteen moiithn. 

Mr. Washbubne said the Rock Island bridge had been a damage to 
commerce already of $5,000,000, of which $3,000,000 waa wrecks and 
damages. There were sixty-four steamboats lost, wrecked, or damaged, 
but because there was a question of jurisdiction arising, as well as other 
questions, the people who have suffered this great wrong are without » 
remedy. He said, "I have all the testimony here. The draw-openings 
at Clinton are 40 feet less than the width which the gentleman from 
Massachusetts has said is necessary for these other bridges. WLy such 
discrimination iu favor of tbis bridge? 1 have here the testimony of 
some 50 or 60 pilots and river-inen on the Mississippi River. The men 
interested in navigation say said bridge is a dangerous nuisance, ma- 
terially obstructing the navigation of the Mississippi River; that ffe 
respectfully pray and hope that Congress will in no manner iuterfen 
with the course of justice by legalizing tbis bridge. We have here 
affidavit of some 15 or 20 more pilots :" 



erfert i 

retfcBJ 



The nndersigDed pilots, captsina, aud esperts in the navigation of the Upper Uiid 
gippi River, aod owners of luate engaged lo the navigation of the Upper MisaisBtp. 
River, beiDR dal; sworn, state on oath that thef believe Ibe bridee coostrnutad actcM 
the MiseiBBippi River at ClintoD, Iowa, a« at present coQStracted, is a very materi*! 
obatrnQtion to the navigation of the Mississippi River ; that they each and all have 
had experience and knowledge ; thr' "" " " j. -r .. .. .-r. . — 
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.00 account of ninils and darkneBg at times, when bnt forthebridKHtliatpoTtioD of the 
aiver conld be tud with pt^rfect ease and safety ; that the said bridge is looated where 
there is a curve in the river, and the piers are set at aa angle of from 10° to 15'-^ to the 
enirent, tausiog ditBoiiltiea in. the approach to the draw and danger of collision ; that 
tiie draw is anly 131) feet in width, and (be diSicnltf is greatly increased when the 
boate have barj3;es in tow ; that the averajce width of a large boat, inclnding gnards, 
{IB 60 feet, and [he additional width of two har^^ee waald be about 50 feet more, so that 
only 10 feet margin or 5 feet on each side is allowed ; that wbere there is a onrrent 
" is margin is entirely too small for safe navigation even in calm weather, and that 
nen there is any wind, or it is darli, the dangei- m greatly increased. 

Mf, Washbtjene continued: 

"How was it in regard to the Rock Island bridge? Although we had 
BO remedy, for want of jurisdiction, still it was such a nuisance that its 
friends Anally gave it up. This House has passed an act at this session 
80 that this bridge may be removed. But does this House know another 
Ibingl After the Senate had discussed fordays this question of bridges, 
and passed the bill before the House, what did the Senate do? In the 
liver and harbor bill they placed the following, which we adopted, and 
■it ia since become the law of the land." 

This is the part of section 4 of the river and harbor act under which 
the examinations were begun, now being finally reported upon. At the 
end of the debate a vot« was taken, and the amendment to constitute 
the Clinton bridge a post-route was lost — veas, 54 ; nays, (iC ; not vot- 
ing, 62. 

Ob July 10, 1867 (see pages 301-3y8, debates), Mr. Allet, chairman 
of Committee on Post-Oflices and Post-Eoads, reported the bill (H, E, 
965) declaring Clinton bridge a post-ronte. 

Mr. Washbuene, of Illinois, opposed it, and claimed that its rejec- 
tion last session should be final. 

Mr. Davis said that no suit for damages bad been brought against 
(the company. There was a suit by way of indictment against it, in re- 
gard to which it asked the protection of Congress. 

Mr. Alley said, "We want to connect with the commerce of the 
States, and if every time we propose to bridge the Mississippi River we 
are told that the commerce does not rightfully belong to the East, that 
it must pass through the Mississippi River, and that yon must not dam 
up that stream, it would have been a great deal better for the country 
if there had never been a Mississippi River. The committee made very 
patient investigation, heard both sides, and disinterested parties, too, 
and were unanimously of the opinion that if any bridge is proper this one 
.is." He said he thought that 120 feet draw-opening was enough for this 
locality, and as good an 100 feet in some otiier places. 

Mr. Washburne, of Illinois, said there is a suit now pending about 
this bridge in the United States district court of Iowa. 

Mr. Alley said there was no testimony to that eU'ect. Before the 
committee it was denied. 

Mr. HOGAN said the difficulty has been to find out the parties to be 
sued. 

Mr. WASHBUKNE said there were nnmerons cases of damage from this 
bridge. 

Mr. Farquhae claimetl that this bridge should be treated as the 
■Wheeling bridge was — made a post-ronte. 

Mr. Allison sought to have action deferred until General Warren's 
report conld be made, as he had examined the bridge. 

Mr. Washburne said they dare not trust that. The bill was passed — 
yeas, 101; nays, 43; not voting, 47. 

On January 11, 1807, H. R. bill 90.5 was received in the Senate and 
referred to the Senate Committee on Post-Offices and Post-Roads, At 
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tlie request of the cbairtnan, Hon. Alexander Bamsey, of MinDesota, I 
■WR8 ordered to appear before this committee. I laid before them a map 

of tbe river and sections at the bridge together, showing the location 
of tiae bridge, with arratigemeuts of spans and direction and velocity of 
the currents in the Iowa or main channel where the draw is located. At 
the same time everything ascertained by the survey was fully stated 
and explained in answer to questions of the members of the cornmil- 
tee. 

£y request of the chairman I put the general facts and views in 
writing, as follows : 

Wasiusotos, Fiibruargh,lSEI. 

SiK ; la compliance witli your reqiieat to fiiruiali you the anbstauce of my remirkl 
made to-day, I have liBSlily put together tbe fullowio^ iu relHtiou to the Cliutou bridg« 
across the MisBissippi River. 

The map I left with you shovrs the relatiaa of the Htractote to the two parts loU 
which the river ia divided liy Little Rock Island and the saud-bars ac.roas wbiob lit 
bridge ia located and a. oousidcrable portion of the tivei above and below the bridg«- 
My examinatioaa were mada oearly at low-water. 

The cbHLinel-way iu whicli tlio pivot-pier and tnrning-bridge are placed ia DOtlwi 
than 40 feet deep, and the oorrunt does not exceed (wo miles au Lour. The oleargpun 
each aide of the pivot-pier are on the Iowa aide ViS feet and 119 feet on the other. 

Where tbe piers are situated the thread of the current is parallel with their leogtlu, 
bnt tbe cnrreot ia at the time flowing on a curve flensibly parallel to the tM^KMt 
bank, and a itoamboat is not able to liead directly in tbe direction of the optaaag be- 
tween the piers uatil she is quite close to them. Tbe effect of thia curve is fortber 
rendered nbjectiouable by reason of au eddy formed below tbe point above bhebridj^ 
which eddy baa au effect to vary the intensity and direction of the cnrreut near iW 
outer margin so as to disconcert the plans of a pilot (in making his allowaoee finft* 
swinging of his boat by the curved direction of tbe current) if he ventures too dsh 
the eddy. On this account the opening of the bridge on tbe Iowa side of the pirot- 
pier is seldom used. If we prolong the lines drairn tUroagh the middle of tbe drtw- 
spans aud perpendicular to the bridge till tbey reatb tbe shore above the bridge, we 
Hnd the distance of the one nearest the Iowa shore from the end of tbe pivot-pier lo 
tbe shore to be about 50U feet, the other one to be about t,000 feet. Steamboats at 
greater distances than these distances, less the length of tbe boat, could never tw 
Hi]uarety opposite the openings left for them. These relations would produce verj 
great difficulties to navigation if it were not for the low velocity of the cnrreut. 

Tbe effect of a side wind, ia to require the pilot to place his boat's bow aomeff btt 
heading toward the wind, so as to make headway in opposite direction eiinivaleDt totlx 
drift of his boat by the wind. She thus has to pass the piers somewhat obliquely wi 
requires more space than in a calm. I am not able to state the effect of thia in pif ' 
else numbers for different oases, but it will evidently increase with the strengCh i' 
the wind aud length of the boat aud diminish iu proportion to her speed. 

When the pilot approaches the bridge in dark nights, he should not be looking into 
a bend as he has to do at the Clinton Bridge, but should have a straight reach uefoK 
llim, BO that the bridge and the opening may be seen aj;ainst tbe sky or its refl-WCiDD 
on the water, and not confouuded with objects on the bank beyon d or their reflectin 
from tbe water. 

1 am not prepared to state folly tbe extent of tbe obstruction which tbe bridne it 
oi may become to navigation. To make it conform as far as practicable to the la« et 
Congress authorising bridgea at Qaincy, Keokuk, &c., wi)uld require almost tbe entin 
rebuilding of it; and in view ot tbe necessities of communication east and neat. it 
would not seem proper to compel this change to be made before time can be had im * 
fuller investigation of the subject, and a proper bridge built to take its place if it> 
removal be nltimately decreed. Bnt in view, further, of the great importance "i 
the river navigation to the whole country in the future, 1 think nothing should be 
done in the way of legislation which will prevent it being removed \ necessary here- 
after, or which will furnish an excuse to other companies to build bridges across lli> 
river which fall in the least to fulfill every praotioal requirement of tbe uavigation. 

I am asked tbe question, " Do yon think it practicable to build a draw-bridge «hiiB 
shall be do serious obstruction to navigation T " aud thia I ansiver In the afllrmativ*.' 
for I consider it will be no serious obstrnctlon if it allowa boats to pass without danfff 
at all times of night and day and all kinds of weather in which they are able to nati- 
gate the average of the bad places of the river. The temporary inconvenieuoes of fatr- 
~o wait the passage of a train is quite inconsiderable; but if compelled to lie bf. 
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loM TOany honrs that tn , 

iAionlil consider it a material oba 

id should be aliated. 

The folluwing ttiiiigs ate reqnireil in a good location for a draw-bridge ou the pivot 
.Jbd: 

iBt. The open spnns of the draw shonld l>e ia the ohantiel-way at a point where it is 
lannanotit »t all times and stages of the water, and both openings should be available. 

Id tbe Clinton bridge but noe draw-span is nsefnl. 

Sd. The onrruDt shonld not only be in the direction of the draw-piers where they 
.te placed, but should have this same direction liom 1,00(1 feet above the bridge to 30') 
bet below at tasst. 

Tbia TP qui reman t h not met by the Clinton bridge. 

3il. Where the steamboat pilot, when op[iroaclilng I 
ridge UkUd opening clearlj defined against the sky o 

MB. 

, This is not the case with the Clinton Ijridge. 

4tb. Where the passing boat and bridge are as much sheltered as possible from the 
Qost prevailing high winds. 

Thie IH as well aeooiupliHhed by the preaent loaation as this vicinity admits of. 

fith. Where the current is as gentle aa tbe average of the river attords, and where the 
jiera eball not produce any seriaus change affectinfi the regimeu of the river. 

Tbe Clinton bridge meets these requirements. 

6tb. Where the moat suitable land approaobas for the bridge and fonndations tor 
^ piers oao be found. 

Tbe Clinton bridge meets these reqatrements well. The draw should he opened 
pximptly. The Clinton bridge does su. 

lb ia practioabla in some oases to Bud a location that naturally meets all these re- 

jrireoients, and if a bridge is needed where snine are not found, then art and labor 

Unld be made to supply them. Fur it is a thing not to be endured that Che great 

m{!ation interest slioiild suffer a permanent injnry in order that a bridge com- 

KBS might be saved a little iuoouvenience or expense. 
The necessity for a safe and rcliabta transit across the Mississippi River is now so 
reat, that I recognize it as a fact that we can better do without tbe navigation alto- 
Itbw than to forego the privilege of crossing with certainty at all times and sea^ 
ut; bat this paramount necessity fur bridging will produce the means of building 
u tbe most costly structures, and all reasonable expense should be willingly made 
Jt.vill leave the navigation practically uneucumbered. 
I have said nothing about the v>idlh of draw most proper, as that is regulated by the 
m. I think, however, that the law requires as great width as is at present practicable. 
le lowtioa of tbe bridge itself bas such an important bearing on this question, 
«t the same spaces would have a far greater practical benefit in a good location 
an in a bad one, and I thinic it would have been dusirable to have had a permanent 
nmission appointeil, composed of men of ability and integrity, that should have np- 
eved of every location proposed for a bridge on the Mississippi before a pier should 
ire been allowed to stand in it. 

Very respectfully, your obedient servant, 

O. K. WARREN, 
Brevet MajoT-Oeneral, United Slates Arms, 
3£oa. Alexaiider RdMSEr, 

Chairman of Committee on Poal-Offieet and Poat-Boad», 

United Slates Senate. 

" Od Pebraary 14, 1867, Mr. Van Winkle, of tiie Senate Couimittee on 
jttoBtr- Offices ami Fost-Roads, reported oil H. B. bill No, 965 (printed re- 
Q^rb of committee No. 171), recoui mending its passage witLout ameud- 

j(On Febmary 21, 1867 (pages 1669-73 of the debates), tbe subject 
ma» discassed in the Senate. 

H Mr. Van WmKLE made a statement of the case, in which he referred 
■D General Warren's report and quoted from it. He said that General 
^yarren was at tbe place only one day and thought the bridge was in 
^ bad place ou account of the curve ; that but one draw-opening was 
ravailable — the one on the Illinois side of the pivot — which was 119 feet 
|Vide ; the otber one was 128 feet wide. He said General Warren was 
[careful in bis statemeuts. 

Mr. Van Winkle favored the bill, because the bridge record showed 
hfehat of a great number of passages of boats through it there had been 
I 8. Ex. 69 11 
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but little injury or loss of time. He further justified bia advocacy of 
the bill, because the right is retained by Coogress to alter or ameudit 
al pleasure, thus eDabling that body to require sacli alterations or addi- 
tional constnictions as will obviate all such objections as future ei[)e> 
rience may show to exist. 

Mr. Johnson stated the case of the WheelinR bridge, in which be 
took part as one of the counsel. The United States Supreme Coorl: 
ordered the bridge to be removed. Congress theu declared it tt post- 
route, which the same court held that Congress had the power to do, 
and that this act took away from the State of Pennsylvania the ri(,'ljt to 
sue. The law was held to be retroactive, and to legalize the structure 
from the beginning. All snits agaiust.it fell at once. 

Mr, Van Winkle said there was no suit against the Clinton briilge, 
escejit one pending for an injunction, commenced by the Kortheru Line 
Packet (Jompauy. A month's time was given them to oHor proof, bat 
they failed to do so. 

Mr. Henderson thought there was a suit pending, and that the law 
ought to provide against interfering with pending suits at least. Be 
lettered an amendment. 

Mr. KiEKWOOD favored the bill. He said General Warren was mis- 
taken in saying the Iowa side of the draw was impracticable ; the record 
shows that nearly half the number of passages uuder the bridge lia^u 
been through that side of the draw. 

Mr. Trumbull favored the bill. He said this bridge, thus constructed, 
is a part of the great line of railway reaching from the Atlantic to tbe 
Pacific Ocean. 

Mr. Henderson's amendment was rejected — yeas, 9; nays, 24; ab- 
sent or not voting, 19. 

The bill theu passed. 

The action of Congress received the approval of the President of the 
United States, and the bridge became a legalized structure. 

A few personal remarks in relation to the debate in the Senate seem 
called for here. If Mr. Van Winkle's remark "that I was there i)ut 
one day" (which was a mistake] gave the impression that my esauiiQu- 
tion was incomplete, it was unfortunate. 1 was there three days witb a 
large surveying party. I also met there, by appointment, Mr. E. E.Tal- 
coTT, the engineer who built the bridge, and gained all the kuowleiige 
that could be obtaiued at that stage of the river. 

Mr. Vah Winkle probably meant to convey the idea that my esam- 
ination was ouly at one stage of the river, which was correct. 

Mr. Kihkwood's remark was also unfortunate, that I was mistalieii 
in my statement in regard to the draw openings, in which I was unques- 
tionably right. He probably misunderstood my statement, thinking '' 
to refer to the passageou the west side of the island, instead of the nest 
draw-openiug. 

HISTOEY OF BUIDGING THE MISSISSIPPI EIVBtt AT SAINT LOUIS, MO. 

The questiou of bridging the large navigable Western rivers rises to 
first importance here, considered from any point of view. It is esperiallj 
interesting to navigation and engineering, and has received earuesl 
attention from ablest men. An account including the earliest attempts 
will therefore be given. 

Project of Mr. Trumati J. Homer, cili/ engineer, hie allimons to earli(T 
ones. — lu the year lSu5 a company was chartered to build a bridge at 
this place by the legislature of Missouri, under au act entitled — 

Ad act to incorporate the Baint Louis and lUinoia firiilge CoiupaD]'. 
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t The company was organized witb D. A. Jannary, esq., as president 
Ibe fliiHDciul crisis of 1857 and the war of secession deterred the com- 
1 fnrtber action, and tbe prctject lay dormant until 18Gi, whea 

jhe legislatnre passed another act with a similar title. Aa both these 
charters had detects, considered in regard to the interests of Saint 
iiouis, au amendatory act was passed in 1864, giving the requisite pro- 
^tion to that interest. This latter was effected through the exertions 
of a special committee of the board of common council of the city.* 
- In their report dated February !il, 1805, this committee recommended 
|hat the city should memorialize Congress to give authority confirmatory 
to the act of tbe legislature of Mi.ssouri ; " and also that a law be passed, 
prescribiog tbe form and dimensions, and regulating the coostractiou of 
Bteamboats." 

This reiHut Btatea that — 
' The cbiniEieys and pilot irlieela of etemiiboata may be bo conBtnicted as to admit of 
^tbcir beio^ convuuieuClj aiiil eipeditionaly raided and lowereil at will, so aa to admit 
is their passing uuder au object 35 feet above (be anrface of the water. 

L On February 7, 1865, tlie board of common conncil instructed the city 
engineer, Mr. Truman J. Homer, to make a general plan of a bridgOT 
told submit iipiiroximate estimates, which he did on the 11th of the same 
imonth. 

[ It was for a horizontal tubular bridge crossing tbe low-water channel 
dn three spans of 50U feet from center of piers at a height 61 feet above 
low-water mark, or about 30 feet above the city directrix. It was to 
'have a railway in the middle and a wagon-way each side of it. The 
'estimated cost was $3,332,20U. The bridge was to cross a few blocks 
ittbove the existing structure. 

'■ Mr, Homer states that Mr. Charles Ellet, upon invitation of tbe city 
Icouncil iu 1839, submitted a project for a suspension bridge crossing at 
'Uarket street, with one span of 1 ,20U feet, and two each side of 90U feet, 
ieach to cost «T00,COO ; also that Mr. J. W. Bissell made iu 1857 a plan 
■tor another suspension bridge, with one span of 1,500 feet, and that 
»bout the same time Mr. Koebling proposed to erect a bridjfe with a 
jjbalf-inile span. These proposed suspension bridges were probably for 
iighway only. Mr. Homer was very much opposed to a suspeusioa 
^bridge at this place. For Mr. Roebling's plan for bridge at this place 
see farther on, 

1 Authorization of bridge by the United Slates. — On December 4, 1865, 
'Senator B. Gbatz Brown, of Missouri, gave notice of his intention to 
introduce a bill for authorizing the construction of a bridge across the 
JAiasissippi at Saint Louis. The Senate bill No. 38 (I have not seen a 
i-aopy of it) was introduced in December and referred to the Committee 
tm Fost-Offices aud Post-Koads. 

Benator Bahsey, chairman of the Com raittee ou Post-OfBces and Post- 
'JSoads, reported the bill back with a substitute as an ameudment ou 
rMarch 21, 1866, aud it was debated ou March 22. 

I Section 2 provided that tbe bridge might be a pivot or other form of 
l^draw, or of continaous spau ; if the latter, to have an elevation not less 
I than 40 feet above extreme high water, measuring for such elevation 
li'from the level of the city directrix to the bottom chord of the bridge; 
> spans to be not less than 350 feet, aud piers parallel with the current ; 
if a draw-bridge, must be at the same height, with a span over the main 



'Eeporteof tbe citjEngiueer uud j ij|i(>c;ia] conimitlee | to the | common coanuil { of 
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(.1865. 
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cbannel not less tlian 300 feet, and one adjoining apan not less tban 220 
feet; tlie draw to be at ao accessible and navigable point, with spans 
not less than 100 feet on each side of the pivot. 

In tbe debate following the reading of the substitute, Mr. Beowk 
said: 

I want the strnctore when bailt to be one wnrthy of tlie great States it is to connect, 
of BDcli nniple capauity as nil! permit tbe transit of tbe freight of all tbe railway Wan 
that may bereaf ter c«oI«r at tbe great dlHtributinc point of the cuDtiut>ut. Let ii lie 
Imilt, tuo, for tbe agea, of a material tbat shall de^ tioie and of a style that irill lie 
rqnally a triumph of art and a contribution to indnatrial development. No Damiw 
view oi expense, oi contrnoted idea of the power of eDgiDeerlng skill, should indnco na 
to permit anj attempt at bridging the Mississippi Biver • ■ • that wilt st-iianelj 
interfere nith its navigation. The snbatitnte has in certain details of beight, mew- 
iirements. and width of spans, been tbonghtnot Hnffioiently guarded ; I have, tbenrftiK, 
submitted amendments in- lieu of (<ectinn it. 

They nre, In the Hint pluoH, that tbe bridge shall be fiO feet in helgbt above high 
water niark, or what is Biibstantially hiuh watfT mark, the elevation line of the cU; 
directrix. Setmil, have oue span 6<X) Seet in tbe clear, or else two spans 450 leetin 
the ctenr eaob. Third, no i-pan over tbe water-way at low -water mark lessthanSOO 

From ll-fW to 1665, tbe river did not come np to within many feet of tlie city direc- 
trix. In the last i& years only three times has the water been above it, IB.'il, ItSH, 
1844 ; on one of these occa8li>DS only 3 feet, on anotber 4 feet, and on the other T fnt. 
altogether fur a space o( 3 or 4 days at uacb time. 

Mr. Brown's amendment also provided that the bridge should not be 
a suspension bridfje or draw-bridge, with pivot or other form of draw- 
Mr. Henderson asked, " Is tbe amendment substantially in acconl- 
ance with the recommendation of the Chamber of Commerce of Saint 
Louis T " 

Mr. Beown answered, "It is exactly in accordance with thiit, wiih 
the simple provision that it substitutes the fixed point of tbe city ilinc- 
trix for the qnestioiiable one of extreme high water." 

Mr. Uu>iDEBSoN remarked, " I was of the impression that tbe water 
more geueially rose above the city directrix." 

Mr. Brown replied, "No, 1 have the water-lines for the last 25 years," 

The amendment of Mr. Blown was then agreed to. 

Mr. DooLiTTLE asked, "Is 50 feet above tbe directrix sufficient, w 
as not in any respect to interrupt uavigatiou ?" 

Mr. Grimes added to this question, tbe condition, "Provided they 
lower their chimneys." 

Mr. Bbowh replied, " They will have telescopic chimneys. It will 
not interfere with the pilot-houses, or anything of that sort." 

The billwae then passed iu tbe Senate. 

Jiemarki. — It shonld be noticed here that Mr. Brown'a amendment 
fixing tbe height of the bridge 50 feet above extreme high water, asroC' 
omnjeiided by the Chamber of Commerce {wbicb represented Ihena*' 
igation interests), had the effect to put the bridge 7 ftet lower than t!ie 
steam boat ID en and navigation interests had consented to. Seven feet 
above the city directrix, tbe known height of the high water of 1844, 
vas as fixed a height as tbe directrix itself. There was nothing uiiiMir- 
taiu about tbe extreme high-water mark of 1S44. Other tloods miglit 
Dot come up so high. Some other tloods might go higher. 

The navigation interests apparently did not appreciate tbis change 
nntil they saw the first arch about being completed in the summer o( 
1873. Then they petitioned the Secretary of VVar to appoint a board of 
Army engineers to see what could be done, as will be described fur- 
ther on. 

The Senate bill So. 38 waa received in tbe House ou March 22, 1SG6, 
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pnd oa April 2 it was referred to the Committee on Commerce, but I am 
inot aware tbat it was ever reported baclc. 

Iq the Senate, on July 17, Mr. Kamsey, ehairmau Oommittee on Post- 
Offices and Pust-Boads, to wliieh Seuaie bill 23G had been referred, with 
ameodmeDlB made by the House, reported it back with an additional 
wneDdment, 

n On July 18 it was considered. This amendment provided for building 
jitilie bridfre at Saint Louis as proposed in Senate bill 3&, with the modi- 
^cation requiriu}; that there should be one span of 500 feet in the clear 
Xinsteatl of 600 feet), or two spans of 3511 feet each (instead of 450 feet 
Laach). This, together with all the Honse ameudmeuts, was agreed to. 
f On July 21, the House concurred in the Senate amendment. The act 
[WBS approved July 25, 1866. 

|_ Project of the convention of engineers called together by Mr. L. B. Boomer 
mt the summer of 1367. — la 1855, the legislature of Illinois chartered a 
ktempany to build a bridge across the Mississippi at Saiut Louis, styled 
t*'Tlie Illinois and Saint Louis Bridge Company." Mr. Boomer, repre- 
iMntiDg this company, of which Mr. A. Andersou was the engineer, 
lulled t'Ogether several distinguished engiueers to cousider the advisa- 
bility of liuilding the bridge with one span of 500 feet in the clear, or 
Lwttk two spans of 350 feet in the clear, an option made in the Uuited 
^tates law. 

[j The proceodings and report of the assemblage are published in a 
i^pamphlet of 100 pages, 8vo, besides three sheets of bridge-strains.* 
I Mr. William J. McAlpine was chosen president, and Mr. T. McKis- 
Ij^OQk, secretary. In his introductory speech the president said : 
{ The Federal and State laws Tioder whicb Iha bridge is to be built require an eleva- 
["tioD anfflcient to allow steamers, witb their utmeaeHsarU; higb cbLmnefa, tu pass at 
I tfan hi](beat stage of water, and witb spans of unueceasarf width fur tbe niivi^ation. 
H^Xbe oien of science" must thus far " bow to the men of law," and it is this ueceasity 
^hioh has oompelfed the offitiera of tb» bridge Dompany to briug tu the causLduratiuu 
9t£ these grave aubjecte auch aa array of tbe " men of science." 
L Whatever point this remark quoted from Sir Francis Head had when 
raiade in regard to the subserviency of men of science to men of law, it 
^ems to be wanting iuthiscase. As shown in the preceding abstract 
^ttra the Congressional debates, the advocates of the bridge admitted 
Ltbat the chimneys must come down to pass it at ordinary high water, 
[and they only claimed that the iiitot-hoases would not have to be low- 
'ered ; but even this was not a bad enough statement for the navigation 
Sinterest, for on all the large and economical boats the pilot-houses were 
D high to pass under the bridge at ordinary high water. If the true 
I of science did " bow to the men of law," it was in having the abil- 
ity of tbe scientific engineer underestimated. The man who really 
Wood "cap in hand" was the navigator, appealing for his rights against 
i rival and Qiiscrupulous interest, and looking to both the man of law 
^odthe mauof science for protection. Theargument of necessity, which 
vnows no law, had been evoked ! Bridges must be built! Long and 
fliigh spans are impracticable ! Navigation must give way ! said the ad- 
^Tocates of poor bridges. 

J} The matter before the convention was divided into five different snb- 
jcts and submitted to live differeut committees. 
First. On the regimen of the river and the character of its bottom, 

'Prooeedinga and repurt | of tbe { Buacd of Civil Engineers | conveUHil at St. 
Duia, io August, 1867, { to conaider tbe aubjuct of the conatrnotiun of a | Itailwny and 
^ij;hwa.v Bridjje | across tbe Miuaissippi Rivur at St. Louis | — . — 1 St. Lonis, ) George 
Knapp & Co., Printers and biadura, | IS&T. 
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Messrs. Trnman J. Homer, Missonri; J. B. Moulton, Missouri. Tbe 
reportof this committee (seven pages 8ro)tioutaiD9 valuable data on the 
questions siibmitled. 

Second. On tlie fonndations nod piers, Messrs. B. 8. Cheabroagb, Illi- 
nois; William J. McAlpine, New "York; General W. S. Smith, MicLi- 
gan ; George A. Parker, Pennsylvania ; L.J. Fleming, Alabama; C.L. 
MoAlpine, Massachusetts; and A. Andersou, Kansas. Mr. Cbesbrougb, 
the constructor of the lake-tnnnel of the Ghicago waterworks, was chair 
man ; Mr. G. L. McAlpine, constructor of the pneumatic foundations ot 
a bridge across Harlem Kiver, secretary. Of the other members, it niaj 
be mentioned that Mr. W. J. McAlpine constructetl the dry-dock of the 
Brooklyn navy-yard, nsing coffer-dam in 50 feet water, where he also 
made valuable observations upon the use of common wooden piles. 
General Smith had sunk the pneumatic foundations for the bridge at 
Omaha, and on the Savannah Biver, Georgia, and had extterleoce iQ 
several other important and ditScult foundation works. Mr. Parker Siad 
constructed the very dlfQcult work of making foundations for the hriiga 
over the Susquehanna Biver at Havre de Grace. Mr. Fleming had also 
constructed pneumatic foundations on the Santee and Pedee Kivera. 
This committee thoroughly discussed the subject. 

The bedrock on the west shore is 23 feet below low water; 5O0 feet 
east iif that, 64 feet; at 500 feet farlher east, 90 feet below low water: 
at 500 feet still farther east, rock had not been found, but boring liBd 
only been carried down 68 feet below low water. The great depth at 
which roek is found, except at the west shore, " induced the considera- 
tion of plans of fonudation entirely independent of any support to be 
gained fiom it, except where it could be reached within a reasonable 
depth." They regarded a depth of 45 feet below low water as a safe 
limit of the scour. 

At a joint meeting with the committee on regimen of the river audi 
character of bottom and with tbe comuiittee ■' ou the Bupersiructii""" 
and approaches" — 

It wBH nDaaiiuoiiNly ngl'E^l tn Htlnpt thfi iniDimDni apsna allowed hj tlie law foic 
inK thu chaunel * " " aa more econiiniical, Ichs haitari.ovis in conBtraclif ~ 
niaititeiiniice. and alTonling aniplu aucoiuoiotlatioii to tliu uoniiiiurce ot tha riri 
the port of Saiut Loiiis. 

These spans were to have horizontal chords. It was also resolved, 

That we would recommeDd spaQS of lesa than 350 feet in the cleftr it the Federal li 
permitted such redactioo. 

The committee estimated that with 350-feet spans and the briflgl 
loaded, tbe weight on tbe foundations of a pier, if iiuiit solid, would be 
8,500 tons. This, if borne by wooden piles, would require 210 of iheiu, 
each pile supporting 40J tons. 

After a carefnl cnoHideratioii of tlie aubjeot. this oomniittee ngreed that the fotloniDE 
plans would be eotlrely practicable : 

First. With the piera placed upon fouudatiooe of hollow iron piles, on the parelf 
pncuDtatic principle, either to the rocli, or, where it ties at too great depth, by an <U* 
paDiiion of their base, or driven h; the nae of Haud or eteam aiphou-pniups. 

Secondly. With jiieraof masonry carried below the aconrof the river by the oae at 
iron oilasonfl, aa wbb practiced at tbe ditferent piera of the SusT)aehaona Bridge, and 
restiog either on trooden piles or amall pneumatic pilea. 

Thirdly. With piers of maaoory carried below the aconr hy the use of a Dombinktion 
of inverted and direct iron or wood caiaaolia; tbe inverted caiaaon titled with uiawnlj 
by tbe pneunintic proceaa and the direct caisson In the ordinary way. 

Fonrthly- With the piera laid up eitbcr of solid or galleried masonry. 

Fifthly. Thatinsteait of maaonry, the iron pnentnatlo pilea may t>e extended upwart 
to tbe bridge-sent as columns ot snpport, and strongly braoed on the lines of th« tivd 
and the axis of the bridge. 
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The third coinmittee was on "the siiperstrnctare and approaches." 
This was composed of Messrs. S. S. Post, of New Jersey ; Jt. M. Slioe- 
in»ker, of Ohio; L. J. Fleming, Alabama; O. Chaoate, Kansas; T. B. 
Blackstone, Illinois; and William J. McAlpiite, New York. 

The design of superstniclnre they estimated for was trusses of Mr. 
Post's pattero, four of tbem ]>er span, biiving a single-track railroad, 
two highways 17 feet iu the clear, and two sidewalks outside of tlie 
whole. 

It was decided at a joint meeting of the committees to adopt the two 
spans of 368 feet from centers or 350 fitet iu the clear, nest tlie Saint 
Louis side, aud to place four epans of 264 feet from centers between 
them and the Illinois shore. A single span on eacli side was to carry 
(he bridge over the levees on each side. 

It is stated in this report that spans 500 feet iu the clear will cost 
more than twice as much per foot aa for 350 feet in the clear. These 
estimates were for a bridge with a moving load of about 7,300 pounds 
per foot. The cost of the superstructure and approaches was estimated 
Rt jt3,()3S,920. 

The tburth committee, on the commerce and navigation, consisteil of 
Messrs. T. J, Homer aud F. A. Ctinrchill, Missouri. Their report la 
embodied in the general report of the convention, 

Tbe afth committee, on tbe commerce crossing the bridge, was com- 
posed of MeHsrs. T. B. Blackstoue, Illuiois; A. AndersoQ, Kansas; T. 
JfcKissock, Missouri; and Charles A. Tucker. Tliis committee made a 
special report of four 8vo. pages. Mr. Tucker did not sigu tbe general 
leport. 

Tbe principal features of the committee reports were accepted and 
iSDibodied iu a general report consisting of fourteen pages, 8vo. Tbe 
bridge was to cross a few blook'i above Washington aveuue, iu Sjiint 
jLoiiis. Tbe estimated cost of tha wbole work as adopted iu tbe general 
i^repoi't was as follows : 

Vol land dam n^es $336,000 

jXVniadatiooe, piers, aad maaonrj 3,541,007 

iDperatTaoturu and. approachea 3, CiSS,i)iV 

6, 565, 9^7 
From the report and proceedings it does not ap'iear that any eiigi- 
'Deers took part in the deliberations other than tbose named above ai 
serving on committees. All their names are attaehefl to tbe general 
report, and, in addition, the names of thirteen others, being all those 
:Bamed in tbe printed report after tbe name of Mr. 3. 3. Post. 



The bridge company authorized by the legislature of Missouri and 
the one autborized by the legislature of Illinois were united under the 
•title of tbe Illinois and Saint Louis Bridge Company, aud (Japt. James 
B. Bads was appointed engineerin-chiet^ 

The first of his reports that I have seen consists of 72 pages, 8vo. 
with one map of the locality and perspective view, with several wood- 
cuts illustraiire of principles governing the construction of bridge- 
' 'Spans, as well as representations of several of the most celebrated 
' bridges in the world." 

" Report I of the | Engineer-io-oIiiBf | of tbe | Illinois aucl St. Louis | Bridge Com- 
pan.T, I St. Lonii', May, I66R. | St. Lnnis | Hitisoari DeuiDcrat book and Job priutiog 
' «ffice, WTuer of Foorth and Plos Ijtreeta, | IB63. 
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Tbis is accompaDied by an appendix contatDiag 77 pages, Svo, sepa- 
raU-ly paged, beiiig; "Mathematical Investigations and Compatatioiiafof 
tbe on struct! on of tlie Illiaois and Saint Louis Bridge. — MisBouri fie- 
])ub]ican Friut." This has eome gmall diagrams and three sheetBuCH 
diagrams. 

Captain Eads was assisted by Col. Henry Flad, Civil Engineer, anl 
Mr, Charles Pfeifer. Tbe mathematical work was verified by Prof, 
W. Chauveuet, LL. D., &c. 

Tbe report is an iu-teresting and iustmctive contribution to the bridg 
literature of tbe period. It at length discusses the report of tbe cJ 
engineers made tbe year before, and rejects their oouclusioua 
bridge proposed in Captain Eads's report '* will have three spans ei 
formed with four ribbed arches, made of steel. Tbe center span will bi 
515 feet and the side ones 497 feet each in the clear." 

I will not copy the details of tbe design from this report, as tbey w^ 
modified and improved upon in tbe report to tbe bridge company ma^ 
in October, 1870. It was designed for two separate milway-traokti,! 
allow nf passing both ways at once, and above this a roadway for on! 
nary vehicles and street-cars, 34 feet wide, and two sidewalks, eaohfl 
feet wide. The service required of it was therefore very large. TWI 
greatest load was calculated to be 7^ tons per linear foot, iuclading M 
own weight, which was 4 tons per linear foot. 

The design was claimed to be oue of great economy over any other " 
form of bridge that would afford tbe same service ; the total estimale of 
cost was as follows: 

SuperHtnictnre 81,460,418 31) 

SiibHtmcture l,540.0eil 09 

ApproaoheJj 5aO,3W H* 

Tuurial 410,477 » 

Lund and land dumagea 53B.l>OI)OI> 

Euilcuftd 25,fi80M 

Total 4, 496, 95a OS 

Tbe work ou the Saint Louis abutment was begnu in 18(i7, acoffe^ 
dam having been constructed, and escavatiou carried to the bed-rock 
upon which tbo masonry was laid. About 1,040 cubic yards had been 
laid by the 15tb of March, 1SC8, bringing the work up about 13 feeC 
above low water, when work was arrested by tbe rising of tbe river. 

By act of Congress approved July -U, ISGS, tbe consolidation of tli9 
two bridge companies was sanctioned, and the privileges conveyed i» 
the act approved July 25, 1S06, were granted the new company, audit 
was also made obligatory to build one span at least 510 feet in tbe clear* 
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USES MADE OF THE EEPOHTS ON THE SAINT LOUIS BEIDOE TO 
FLUENCE CONGRESSIONAL LEGISLATION IN BEGARD TO BBIQGI 
'XHB OHIO EIVEE. 

In the spring of 1868, a bill was introduced in Congress, to anthoriw 
building a bridge at Padueah, and another to extend tbe provisions of 
tbe act of July 14, 1862, authorizing tbe Steobeuville bridge (which v»s 
general in its application as far down tbe Ohio as the mouth of the Big 
Sandy), so as to anthorizea bridge of tbe same spans anywhere above 
the mouth of the Licking fiiver. This last provision was made espe- 
cially to benefit the interest contemplating tbe coEictruction of a railway 
and highway bridge between Cincinnati, Ohio, and Newport, Ky. Great 
interest was at once aroused on tbe subject, and many petitions, memo- 
rials, &c., were addressed to Congress. The navigation interest < 
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loded for a clear span of 500 fuct, and not only opposed the eKtensiOQ 
of the law antlioriziDg the Steuberiville bridge, which required a clear 
span of only 300 teet, but endeavored to have it repealed altogether. 
Id the last effort they were opposed by the intArest of the Bitltimore and 
Ohio Railroad Company, who were about to build bridges under this 
law at Bullaire and Farkersburg. 

The Senate Committee on PosC-OEQcea and Post- Roads were instructed 
to report a general bridge law, and the chairman sent for me to aid him 
In its preparation. I then made an cxaminatioa of the yteubenville 
Itridge, and submitted on estimate of cost for a single-track railway, 
baviug a clear span of 500 feet, and two adjoining of 300 feet, at about 
9800,0011. The object of this was to show that their cost would not render 
ttaem impracticable, for the estimated cost of the bridge at Saint Louis, 
about 84,500,000, by Oaptaiu Eads, and about 40,500,000 by the conven- 
itioD of enginfLTs, had placed a strong argument in the hands of the 
Opponents of long-span bridges, who concealed the fact that these esti- 
jttiates were for kinds of bridge providing for quadruple the service of a 
iaingle-track railroad. 

The wbole subject is fully set forth in the report of the committee 
.dated July 16, IStiS (Bep. Com. N^o. 108, Fortieth Congress, second ses- 
ilion), and they submitted a bill requiring SOO-feet spans. 

This proposed law was discussed in the Senate on July 21, and strong 
objection was made to it, on the ground that 500-feet spans were im- 
ivacticable, and this was enforced by citing especially the report of the 
convention of civil engineers on the Saint Louis bridge. A small pam- 
Jiblet with extracts from that report was printed, and distributed to 
nembers of Congress, No final action was taken that session in regard 
|o the general law. 

A kind of compromise was made with regard to the Newport and Cin- 
eannati bridge, which, however, was deceptive, and occasioned much 
l^ture trouble. Believing that the report of the civil engineers oonven- 
tioa at Saint Louis was being made to subserve ends never intended 
hy ita framers, 1 addressed a circular letter to the signers of that report. 
Answers, containing much information, were received from twelve of 
tliem, and oue of tliem sent me also a communication of much interest 
&om General C SUaler Smith, civil engineer. 

This oircular and the letters are given in order following : 

Circular. 

UNrrKD Statbs Ekuinbeb's Okfick, 

.Saint Faul, Minn., December 21, 1868. 
Member of a CoAveniion he}i at Saint Louis in August, 11^67. 

Okxtlkmich: I reap»ctfull; ruquent your coDsiderutiou of ths aee thai b as been 
miiidu of four rtiporC iti a pnmplilHt oirc^iilateil among meaibers of Coogreaa at tbe laat 
session, and would like to bu informed by yuu, iudiviiluoUy , how fat yon intended to 
duDtde Ills question of bridfjing the threat aavigable Wedteru rivers. It did not seem 
to me tliat auytbing more WBB intended by the convention than to "recouimend to 
the parties in iiilerrst," viz, "the bridge oompuny," what you deemed was for tbeir 
iuterest, and I thiuk that may be clearly inferred froin yonr report. Nevertheless, 
there are expressions nsed in different places in it which seem to indicute that the 
Wmolniions rcBohed waru general in tbeir application, and 1 have thonubt it best to 
refer the matter to you. 1 have taken from tbe pamphlet to which I call yuut atten- 
tlnn its title-page, and all there is quoted from your report. 

In order that you may nndergtand why it is that Jbrinifthismatterbeforeyou, I will 
state: 

That in Angust, 1866, 1 was assigned to the duty of collecting information in rela- 
Uon to bridging the Mississippi Kivtr between Saint Paul, Minn., and Saint Louis, Mo., 
nndor a Joint rtisolution of Congress passed just previous to uiy being thus assigned. 
I have b«en engagi'd upon this, with other (iuiies, ever since, repotting progress from 
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time to time to the Chief of Engineera, United States Army, and conferring nml cr 
omnicatiug -with the Benaw Cuiniuittee ou PuHt-OQloaa and Ptixt-Koada nt eub 
Bessloti. 

At tfiu iBHtHQBHioii, the question of bridging tbe Ohio River waabrongbt proDiini'nl^jr 
forward, and 1 vrus cooonlted by this Hame comtnittee iu relation thereto. The rvporC 
of this cumiiiittee you can probably obtain by writing to a nieiuber of Congress. It: 
forms printed Senate Report Committee No. 1G8, Fortieth Congress, second sessinn. 

The substance of what I am responaible for in that report is, that a 5aO-feetapu> 
(not a snHpension one) is praotioable, and, with the oontignoDB spans of the ordinar?' 
length, with single track, at an expense not greater than forsnoh bridges already bniiti 
in this conntry, and that the interests of the navigation shontd determine wbetlier 
sncb long spans were necessary, oa it might be in some cases and not in others. IdiA 
not think then that I was at variance with the Saint Louis convention ; that cooven- 
tton had decided the question as far as it related to the bridge company s iaterest, mi. 
to the eflect, that the cheaper the bridge the better fbr them, white I had given ay 
opiuion that the necessities of navigation shoold decide it, provided these were nob 
so exacting as to be practically prohibitory to bridges. 

The d«botes on the subject in the Senate on July 16, 17, 21 , and 32 (see Globe), eiow 
that very considerable importance was given, in the miuda of some members of Iba 
Senate, to the extracts from the report of the Saint Irfiais Convention, one Semtor 
naingthB following language: "I wish to read a few extraota from a longer report now 
in the hands of tbe Senator from Indiana. As we cannot get any other reporWW 
know whether this [the report of the 8enala committee] is right or wrong, I bIkII Iw 
inclined to rely on this report of 25 civil engineers, one of them, however, being Fnni 
the United States Army." Estracts were then read from this pamphlet, anil the Sen- 
ator concluded : "Mr. President, I am bound to believe, until I see something M tlw 
contrary from soma aulhoritatlve source, that this idea of a 5W-feet span is a in«r» 
notion, gotten up by one opposing interest against another," 

I hope you wilJ not take (bis reference of the matter to yon, by mo, as annnwarrant^ 
able intmeion. I would be obliged to you for such answers as you choose (u ninlte, 
and I would like to have them sent me with the nudera tan ding that they msj l)0 
officially used by me in my reports. 

I, myself, attach the highest value to the decision of a body composed of snch ili»- 
tingnisbed. engineers as composed that convention, and as it is not a punnanent orKsn- 
ized body, I have addressed this to you iudividnally. The weight which your deDlunt 
mnst carry with it mnat be my excuse for endeavoring to ascertain "authorilativalj* 
what that decision pnictically was, and ltd extent and application. The qneutior '' — 



3Iojor of Engirteen, Brevet Major~Ge«eral, Uaittd Siatf Armg. 

The following are the extracts from the report of the convention as 
published ia the pamphlet: 

FACTS RELATING TO THE BRIDGE QUESTION. 

300-/e«i span Mufficient and safe, and fixed hy Congreta for the Ohio fiiiw— 500-/«i <?*• 
haearduae, otiri un untried experiment — Saspeaaion bridge pmhibiled bg Cangreii si Sn^ 
io His— Opinions of emi»e«t engineers and iridge-buildura — Towage on Ike Ohio Bitft— 
Bradley ^ Power, pnnleri, 149 Jfoin SI., CiMinnali, 0., 1868. 

Contention of Engineers at Saint Louis. 

[l!xtrscta frcpm Itae prace&dinsa and report of the brtard of oWll ei 

MisBlaalpp'l Elver at Bslnl Louia.] 

The following persona took part in the proceedings of the convention, And ■iKB* 
the report, in which they all concurred. Report, pages 90, 91. 
Wm. J. McAr.pWK, Civil Engineer, New York. 
Gborob a. Fakkbh, Civil Engineer, Pennsylvania. 
E. 8, CURSBttauOH, Civil Engineer, Illinois. 
W. S. Smith, Civil Engineer, Michigan. 
L. J. Flrmino, Civil Engineer, Alabama. 
A. Andkrson, Civil Engineer, Kansas. 
C. L. McAlfine, Civil Engineer, Massachneetta. 
T. J. HoMGR, Civil Engineer, Missonri. 
J. B. Moui.TON, Civil Engineer, Missouri. 
T. B. BiiAOKBTOSE, Civil Engiueer, llUnoia. 
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F r. HcElBSDCK, Civil EnfriDaer, MiBsonri. 
I S. H. SnoKMAKKR, Civil Engineer, Ohio. 
' 0. Chimutb, Civil EuKineer, KuDBsa. 
' P. A. Chukchill, CivU EuBineer, Missoari. 
' S, a. Post, Civil Eugineer, New Jersey. 

B. U. Mabok, Civil EDglneeT, IllLDoiH. 

Jcuua W. Adams, Civil Engineer, New York. 
I W. E. Mkkkux, Brevet Colooel United States Engiueers. 
I Wm. E. Worthen, Civil Engineer, New York. 

John E. Hkmhy, Civil Engineer, lowa^ 



JOHN K. UKMHY, Ulvll l^ngl 

I B. F. Johnson-, Civil Engine 

I L. H. Clark, Civil Engineer, 

I JiA. H. MoRi^v, Civil Engin 

V E. H. JoBHSON, Civil En^nt 

' W. W. EviKB, Civil Engineo 

> T. Hubbard, Civil Engmee 

' D. C. Jknnb, Civil Engines . 

i Iba Spacldino, Civil Engineer, New York. 

hie olijects of the oonventinn, and the cinss of men 

Kar from Ihn following pasHBges in the opening ni 
cAlpine, of New York, tba oldest practicing civi 
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r. New York. 
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* in preparing plans for bridging the Misslasippi we most give dne att«ntion to the 
Iktive impdrtiince of the novigation of the river, and of the traffic which the bridge 
h> aecouimodate. The former is one of the most important inland water- ciianuela 
tlie worldj and the latter is to form a connecting link in one of the moat important 



» of laud transport w 



IS the 



elleretofbre the traditional importance of the navigable water lines has controlled 
Bsbtinn and the legal trilninala almost wholly in their favor. The last third at a 
Bury has developed a traffic over the land lines of transport of sn[:h importance that 
mern legislation and legal ilecinions have been oompelled to concede the right to 
jcy rsilTDads across the navigable waters ; and althongh this legislation bus not yet 
Cm to the correct view of the qnestion (namely, that they sbon Id each yield and have 
k right of oconpancy in proportion to their relative importance), yet it has made 
¥t progress tbat, as Sir Fruncis Head not long ago said in regard to the Britannia 
jflge, ' the man of sciimce must no longer, cap in band, bow to the man of law,' 
' The Federal and Statu laws, nnder which the bridge at this place is to be built, 
l«ira an elevation sofflciunt to allow steamers, with their.unDecusHnrily high chim- 
es, to pass at the highest stagii of water, and with spans of unnecessary width for 
B navigation. ' The men of scienc^ti' iiiust thus far ' bow to the men of law,' and it 
Qiis necessity which Las compelled thu officers of the bridge company te bring to the 
UideratioD of these grave subjects such an array of the ' men of science.' 

* Althongb we have been convened at the request of one of the rival companies, yet 
I are to aonsider all of the qaesCions beartug on this sul^ect witbont refereuoe to any 
tticular plan or company. We have among our immbers the pioneer of the pneu- 
Aic pile toundatious and his eminent snccesaor ; the constructor of the eaisson -built 
>n of the Snsqnehanna; the builder of the Lake Michigan tunnel; the veterau bridge- 
llder who baa maile the longest wooden span in the country, and has now presented 
"W'th designs of those in iron, te meet even the requirements of the ' men of law.' 

* We have with ns eminent repreFentatives from our great national polytechuio, and 
nn oar highest civil universities, and I may venture to say that the result of our de- 
Arations is looked forward to with great interest by those both in aud oat of thiipro- 
■tlan, and that the belief is strongly entertained by the nommercial, financial, and 
Meseional gentlemen interested in this and similar enterprises that yonr cooitiiiiifd 
Cnce and skill will develop the best method of overcoming the diSScaltles to bu met 
Vccompliabing this great nndertaking. 



' The law reijoires a bridge to be conatmoted with one of ita spans nut leas tlian 500 
itclear opening, or willi two spans of not less than 350 feet each. 
f Yon will be called npon to consider whether the saving to be effected by the coat 
the foQudation and piers will b« equal to the increased cost of the aapentEuotare ia 
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Bpane of Bach great leogib, and whether Bu[tiLlilEi materials oan be procured sn<1 put 
together ho ur to euBtaiu their owu weight aud those of atatiooary and passitig loida." 

For the porpoBB of facilitating tlie bnainesB before the confenbiori, a ruaolution wis 
adopted mquealiug tlie chair to appoint committeea on the fotlowing subjects (Re- 
port, p. 8). 

1. On the regimen of the river and the character of its bottom. 

il. On the foondatJooB and pierB. 

3. On the an perstr nature and approacbea. 

4. On the river commerce and ito iiavigation. 

5. On the oommeroe orosaing the bridge. 

fSxtroctfl ^om the mlnutea of the proceedinga and illsonsAJoiis of the aominHtei^ on fonnclaljmu ind 
piera.] 

It nas decided that the diannMionB should be with open doors, and that any member 
of the convuDtion, or a.aj pcraon interested in the subject who expressed a dealn) to 
that KSeet, Bhoiild be invited to be present during the disoiisaions ( Report, p. 19.) 

Aod tiiB cuuimittec, in coDjuDotlon with the ooinmittee on the regimen of the tiver, 
having hod tlm subject rufurnid to thein under conaiderutioD for two daya, their factliec 
procMdingH were aa follows (Rejrart, pp. 34 to 36) : 

tKKGTH OF aPAN. 

The forther consideration of the queatlonn involved in the conatrnctioa of the pro 
poaed bridge requiring consultation between the oouimittee on the regimen of tbe ritei 
and that on superstructure, and lo order that aoue of the general points affootiiie tbe 
(lalculationa of each of the committeea might be agreed upon, a oouferanae was tbere- 
fore hod with the two committeea named, and a joint meeting was hold tt) cousiilec 
theae points, consisting of tbe following-named gentlemen: 

T, J. Homer, J. B. Moulton, H. C. Moore, E. 8. Cheabrongh, W. 8. Smith, OaorgeA. 
Parker, L. J. Fleming, A. Anderson, C. L. McAlpine, S. S. Post, K. M. Shoemaker, 0. 
Channl«, T. B. Blackstone, W. J. McAlpine. 

The chairman of the oommitteo on superstructure having made elaborate drawing 
estimates, and descriptions of plans, and having placed them all before the joint aaa- 
mittee, the members thereof proceeded to discuss the general sa1iject>s, aud to oomun 
the results of the other experiences applicable to tbe case so far as to satisfy themsiuni 
that tbe calculations, &c., referred were substantially correct and sufficient to (Hie 
them to procKHd with the further general consideration of the questions invulTed, 
which wore presented by Mr. McAIpJue, as follows : 

let. Of the two alteraaCives for the spans for the main cbanuels allowed b; lavi 
which should be adopted t 
2d. What spans (within the limits of the law) are best for the remainder of tbodii- 

^ tancel 

H 3d, What dimensions and accommodations of the bridge are necessary for tbe eoD' 

■ venienceof its trafflct 

W ' 4 th, What will be the approxiiuate cost on the basis which shall he decided, in reply 

F to the foregoing propositious ? 

' And the Ibllowiug preauible and resolutions wore agreed upon : 

' Whereas the Federal law authorixiug tbe coDetrnctiuu of the bridge across tbe i\m 

I at 8aint Louis requires, as per section l-i, as follows : 

" Sue. 12. And bt it further eaatled, That the bridge authorized by the preoediago 
tion to be bnilt shall not be a suspeuaion bridge, or a draw-bridge with pirol or otb 

\ form of draw, but shall be conatruoted with continnona or nnbrukeu spaus, and ui^ 

I ject to these conditions : First, that the lowest part of the bridge, or bottom oIlD'd, 

shall not be less than fifty feet above the city directris at its preateat apan. Seoovdi 

', that it ahall have at least one span of five hundred feet in the clear, or two epMir 

three hundred and fifty feet in the clear of abutments. If tbe two latter spans be H . 
the one over the main steain boat- channel shall be fifty feet above the city direoHi(> 
meaaured by the lowest part of the bridge at tbe center of tbe span. Third, no Ipu 

, over the water at low-water mark shall be leas than two hundred feet iu the oleilO' 

I altutmente "; 

^ Aod whereas the said law confines tbe question of the span over tbe main ohmiii'i 

n to one uf Hve hundred feet, or two of three hundred and fifty feet eaob (clear width): 

« Aud wheteaa by careful calculation, the amount of the materials and the cost n' 

i that portion of the bridge above referred to, arranged ou the moat judicious and eM- 

Q nomlcal spans for tbe remainder of tbe distance, will involve an extra cost of atxmt 

f: tbree'fuuTtbs of a million of dollars ; 

. And whereas there has been no bridge uf the cbaraoter of that which (in onr indit- 

U ment,) is required iu this place yet couatructed, to furnish us with any reliable and «t- 

L - . 
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httin ilnta on thesBrintia quoatiotmof materiala and workmanahip in spaiia of sachgTaat 
lenKtb : It ia, therefore, 

Selalved, Tbat we, as piactical eijji;iD era, annot cod ieDtioaal; recommeDd to the 
parties io iutereat to veutum iipon ttie nat t od i apaus of as great length aa tbe 
maximum oiie prescribed by law, and that the efu e we do reaommeDd for adoption 
ttae minimDiu apaDH allowed by the law as mo e onomical, leas bazardoaa in ood- 
■truction and maintenance, and alTurd g ample accommodation to the oommerce of 
'le river at the port of ^aint Louia. 

It waa aJao 

Saolred, That, in view of all the ci onjatanc a of this case, we would reoommend 
•pans of less than 350 feet in the clear, if the Federal law permitted of snch redaction. 

At the jninb meeting of tbe comuiiLtee, and thuse on the regimen of tlie river and 
■nperatrncture, it was unanimooaly agreed to adopt tbe minimum spans allowed b.v 
Hie law for croesiiig the main channel, namely, two of three hundred and Gttj feet 
Mch in the clear ; and tbe following preamble and resolnlions were agreed npou (the 
JftMEtmble and regolntious previously quoted, Report, p. 42.) 



A oareful revision of the details of the chief engineer's eatimnte aatislies the com- 
.ittee that a anfflcient aunj in gmaa baa been arrived at to amply cover the cost of the 

inndation and piera, npon either of the plans which have been reconimeniled by it 

iar adoption at this place. Tbe aggregate amount for these items in (^41,007. 

In conclusion, the committee would say that in their deliberatiiiDa Ibey have been 
iced by strong professional interest in a work whose magnttrtde dHmaiided of them 
bsHt linowledge, cunsiderat'on, and Jndi;[ueut that could be apjdied to U. 

-^ Many of the committee were notified at an early day that this question would he 
sroagbt before them, and at the meeting it was fuund that much individual ezamina- 
Utai of thti aiibjeot had already been niiuie, asalHted by tbn practical cxporieuco which 
••"■ey bad gained in the aoBStniotlon of their works. InciHuinittee, therBfore, a varied 
id oomprehennivu knowledge was developed, which greatly aaaiated in tbe solution 
-the diSlGnlties to be met wiih at this place, and it^nubled the members, after free 
iBCtiBsiou, to arrive at results with great cooiideuce (Ile))ort, pp. 44, 45.) 

(EitmcU from the report of Ihe csommlttee on superstraf tnre anl approacbcH ] 
The further consideration of this snbjeot involves a knowledge of the regimen of 
lOerivKr at this place, s.nd of tbe fonndalione of. be piers. Therefore, thecomitiitiee on 
ilhiasnlijectrequestedajuiotmeetingof those to whom these qnestioos bad been referred. 
" ' iieetiog was held, and alter an elaborate discussion of the whole subject it was 
snsly resolved by the members of the joint committee " That, nniler tbe cir- 
:<rometatices of the case, It is expedient to coostrnut the spans over tbe main channel of 
150 feet in the clear," and they expressed by resolution "their onqnalifleddisapproba- 
Mon of epans of 500 feet," The joint committee also recommended the arrangement, 
mbove described, of spans of 3G4 feet between the main channel atid the east shore. 
[ It was proved in joint committee tbat the coat of a span of 520 Feet (500 feet in the 
Sear) wiU be more than twice as great per foot of bridge as a apau of iGB feet (330 in 
be clear) and not less than three times as great as a span of 304 feet; consequently, 
bb coat of one span of 5S0 feet will be equal to two spans of 36d feet and one and a 
iBlf apana of SUA feet ; that ia, for the cost of one span of 520 feet no less than 1,1I>0 
est of bridge in spans of 36H feet and 'J64 leet may he bnilt (Eteport, p. 4^. ) 

The committee give tbi reeulla of elaborate estimates of the weight of the bridge, 
~iid the loads it will have to sustain, and of the conseqneut strains tbat will come on 
laMverul parta ; and conclude ss follows: 

" Detailed and close eatimates have also been made of the quantities and coat of ma- 
uial required ti folly meet all the strains as thus oompnted, which detailed estimates 
lave been placed at thediaposal of the Illinois and Saint Louis Bridge Company, 
jnnonudng in the aggregate to #3,ti38,D20. This sum, however, inclndea, besides the 
'iniperstnictDre of the bridge as above described, a apan of 160 feet, single track, across 
Cahokia Creek, the embankments of earth forming the approach, paving tbe carriage- 
■Waya, flagging the sidewalk of the approaches, and ii.DOO leet of rail way -track. It ia, 
ta other words, the cost complete of that part of the work referred to this committee 
(Keport, p. 54.) 

[Eitmcls from the genfral report of the conTonlion 1 

The joint committee on the regimen of tbe river, on the foundations and piers, and 

on the supers true ture, discussed the allemative proviso of the law in lugard to tbe 
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lecf^fa of the spana ocroBa the maiD channel, and nDanimonsIf agreed tliat It waa in- 
advisable to adopt the apan of five hundred feet clear openinKt ou account of the diffi- 
culty of procuring Huitable materials of the proper form, size, and worbmanHblii le- 
quired to meet the extraordiuar; Btraina t« which aoine of the luemliera of the tniH 
would lie aulijected ; the inoreased hazard of ita nonatruotion and raaiDtennnce ; tbe 
large additional coat of the whole atruoture hy the use of the loDg Hpan, ltu<l beciinai 
the neceaaitiea of thia case do not require theuaeof one of auoh great length, for whicb 
there ia no engiueering precedent. 

The joint committee, therefore, adopted the alterufvtive of two spans of 350 feetdut 
width over the uiaiD chanuel, and spans of ^64 feet over the remaimler. Thu bwrd 
entirely concurred in the couoluaioo of the Joint commiCUie (Buport, p. 79.) 

The report of the committee on the river commerce and ita navigiition is embodirf 
in the general report, and the following paragraphs ore oopied from it (Il*>pi)rt, pp-SS, 
ae, 87): 

"In timea gone liy, before lines of railway radiated in every direction, making a 
rapid and suro conveyance to all pacta of the uountry, it misht have been nrgitd wilS 
maoh force that overytbiug which tended to retard the river navigation was a tiialtcr 
of pnblic importance and to bo pror«Bted against. But uow the case is eutiralydif- 
fereat; wouo longer look to steamers aa a meaua of passenger oonveyauoe; as a general 
thing, even pleasure travel usually takes the mode of quickest transit from puicl Is 

" Time la the great element which governs ail onr actions, and the want of it is sacli 
a peculiarly American characteristic, that the iiiau who should propose a biisiuesa (ti|) 
to Saint Paul, Cincinnati, or Mew Oileana by water would he oousidered a little ahurt 

"One of the immediate and principal eflect-a of bridgint: the Mississippi at this poilit 
is thought to be the estahlisbmeut of a line of demarkatiou between the upper tnd 
lower river trades. 

"As till) class of steamboats adapted to the lower river are qnit« different from IboM 
on llie upper river, we think this result a natural consequence, aud from the uatunof 
thiuga very likely to follow. Thia would do away with the ueoessity of constantly 
passing the bridge, and hence remove a ^reat olijeociou geueraliy urged agaiusl (M 
erection of ainiilar atrnctorea in navigable watera; but we venrure to aay that llio 
pilot who could not aee ao plain a monument aa a pier H5 feet high and IS to 18 tM 
wide at the BniaHest point, would hardly be able to get a linenae to navigate rivm 
where myriads of snags rear their pointed cresta for a diatance of 3,000 miles itl 
btretoh. 

" We pTopoae, however, to show that the bridge ia well adapted to the wonts of tlie 

" Let us take the dimensioDS of some of the largest of the varioua classes of boiU 
plying on the river." 

The report gives the dimenaiona of a number of steamboata. varying from 335 fee' 
length over all by 61 feet breadth of beam over all, to the Great ItipHblio, the iargts' 
steamer aQoat on theWestern riven, which measures 336 feet length over all bf% 
feet breadth of beom, aud procoeds as follows : 

" The principal spans, us determined by the law of Congress, are established at «ilb^ 
500 feet or 350 feet ; now, a comparison of the foregoing data with these leogthsoi 
span abaws that the largoat boat on the river would not oconpy one-quarter of tlW 
width of even the amallest spun allowed by law, or with a tow of bargea leei Oui 
one-half the width. 

" We think there can hardly be a doubt in the mind of any intelligent man bit 
that the span of 350 feet is abundantly large to euable a free and umestricted pamf 
at nil times. 



WALLiBOUT IMPROVBMRNT COMMISSION, 

Office of Chikf EsaiSBKH, 
Cits ^«''> Brookti/n, Jaimani7, ISGS. 
Sir : Your circular of date December 31 is received. In reply, I would beg leave M 
say, prior to the publication ot the proceedings of the Saint Louis conveution <u 
engineers (iu the deliberation of which I took no part, not having beeu pmseat),! 
leueived from the iiresident of the bridge company, with whom I was perM>nall; M!* 
qoainted, a printed pamphlet of 14 pages, purporting to be the report of tlio boatdul 
eugineers, convened at saint Louis, with the request that if I concurred iu the staUf 
tuents therein made, I would sign the paper and relam it to him, which I did. I eul>- 
sequently received the publi abed proceedings of the convention, and found that 111* 
paper to which 1 refer constltnted a part of it, viz, from page 77 to 90. On page 79, 
ihe third paragraph embodies my views as regards the proper length of span to In 
adopted iu thu ' — • 
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T abonld remarlc tbat, bo far »b I knoiv, no form of bridge came up (or discussion be- 
'.tore the coDveatioa, suve thn horizootnl cbord traHsed-frauiii bridgu uf Mr. Feat. 

In May of tbiH year, Mr. Jamen B. E^a la.id before me tbis pUiia, eHtimatea, and cnl- 

ikttions for a 500~fuet-8i>aii ateel arcb bridge, prepared by him at Saint LuuIb, with the 
zequeat that I troold ^ive my opiuion of itastHbility, & 

After due deliburaliua, I unhesitatingly reported in 
modification of duCail aa occurred to mv as desirable, 
kouerer. 

trion this to show that I by ue means onoside 
vionsly been espreHsed as adverse to spaoa of GOO feet, o: 
l^ada BO nnderstood my views ia shown by the fact i 
Approval. 

Very respectfully, yonr olwdient servant. 






d my opiuion aa having 
vea !Ji'«a(<r. and that Capcam 
Bubmitting his pi mis for my 



JULIUS W. ADAMS. 



M^jor 



Unitbd States Ekginbkb'8 Ofticb, 

D&S MOIXES AND KUCK lSt.AND BaFIDS ImPKOVUMBNTS 

AND ILLINIIIS RlVBR SCRVKY, 

Eeokuk, laica, JanuargT, 1809. 
GXNERAi.; Touroircularof Dec6mlier21,ie68, wasdnlyreoeived. Id reply, would say 
that I waa not preaent at the conveutiou of civil engineera held at Saint Louia in Au- 
(dst, JUGT, althouKh m^ name appears attached to the report of the proceedings. 

Therefore I cannot give a defiuite anawer to the quuatioa propoaed in yonr ciccnlar, 
loC my understanding; of the matier ia [bat reference was partioulaFly bad to the uou- 
Krnction of the bridge aoroaa the Misaiaaippi River at Saint Louis, yet it might refer 
to tbe (reueral question of bridging iujportant navigable rivers. 
Keapectfnlly, yonr obedient servant, 



>. ANDERSON, CI VII. 



UsioN Pacific Railway, Eastern Division, 

Office of the General Supbrintendb.vt, 

Laarenee, Kanaaa, JuHuarij 8, 1869. 
My Dear Sir : Yonr letter from S.iint Paol eame during my absence at the East, as 
ivell as yonr circular. 

To the latter I have made the reply inclosed, which aeeins to cover the poictH of the 

I do not see how the resDlation adopted by the conveutiou can be reasonably con- 
strued to have the neaninfc attributed by tbe anthor of the Cincinnati pamphlet, 
Blthoagh it waa loosely worded, and its pliraseology was objected to by some of tbe 
portiea preaent. • • • 

Truly, yonra, 

A. ANDERSON, 
M^. Geo. G. K. Warren, 

United States Engineers, Washington, D. C. 



Union Pacific Kailwat, Eastern DmaioN, 

Officb of the General Superintendsnt, 

Lawrence, Earn., Januarff 8, 1869, 
Gbnbral: TouToiroular is received, asking of me, as a member of the oonvention of 

eivil ea^iDeers, hold in Saint Louia in August, 18IJ7, how far It was intended by that 

""mveiition to decide tbe question of bridKiog the great navigable Weatern rivers. 
In teply, I would state that the general question of proper length of spans was not 

disoassed by the convention, or bronght before it lu any way ; neither was the practi- 

eability of couatructing bridge apaos of 500 feet long or more. 
The subject before the convention was, whether it was better to constmot a bridge 

over the Mississippi River, at Saint Louis, with openiugB of 500 feet, or to adopt tbe 



Mt Drar Sm: lam Id receipt of yonrcircnlar nnder date of DeoBmbei 31, 1368, M 
members of the Saint Louis brid^ce coDventiou, inqnlrioK how far I understand [h^ 
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Elinrtur spaQS of 3u0 feet, allowed by tbe act of CougresB authorizing the bridge tub 
built. 

As aliief engiueer nf the bridji^ company, npon whose Invitation the ciDventioiiM 
sembltMl, I bad recim mended uonstrneting l:he shorter epana, uud after an exhauatirt 
exam illation, em bracing all points of aouimeroial as well as engineering intereeC, Ite 
oonventiun unauimonaty reoom mended the same. 

The phrase in the adopted resolntion, "parties in interest," referred only to tha 
bridge company. 

I regard the proper width uf opening In any bridge over the great rivers as dep 
Qntupon the circumstanoeij nf eaeh individual ease, taking into consideration the n: 
of navigation and engineeriug oharacterieticB of the location, and woold not liealuH 
to recommend and coustmct spans of 500 feet opening, or longer, if the Hitaatiou msde 
them advisable. 

Very reejieotfnlly, 

A. ANDERSON, 

Ciril Engineer. 
Maj. Glen. G. E. Warren, 

Vniled Slatea Engineers, Wasliinglov, D. C. 

letter op mr. o, chasute, civh. ehaixkei:. 

Enginkkb's Officb, Kansas Citt Bridob, 

8 City, Mo., Jatiuarg S, 186B, 
late of Deoembei 31, 13fi3,ta 
. _ .( how far 1 understand ihdt 
) decide the qneatiun of bridging the great navinble 
Western rivers. 

The convention was CRlled, as yon are aware, by one of the companies proponing M 
bridge the Mississippi River at Saint Lonis, to examine and report npon the iFTOctiul- 
bility, eftlcieDCy, and economy of tbe plans and estimates previously made by ttieir en 
gineer, A. Anderson, esq., which were snbmitted to tbe convention. 

As the problem of bridging any of onr great rivent wonld be varied at each poln 
by the cironmstanoes of location, tbe amount of traEQc to be accommodated boto Bi 
tbe bridge and tbe rivor, and the character and class of the navigation, I tbinklmoa 
express nearly the DQanimouB seofio of the convention in stating that ita procevdiop 
-were designed to apply merely to the bridging of the Mississippi at Saint Loais. 

The law of CuDgrusii presunted two alternative arrangements over the main cb»i- 
nel ; eitbar one spun of 500 feet or two spans of 350 feel eaeh in tbe clear. It was an- 
derstciod that a rival company propi.ned to adopt the BOO-feet span, while the plane of 
superstrncture which were submitted to the convention were for beam-trnxuBSi tbe 
construction of which, as well as the methods proposed for putting in the luondi- 
tiuns, we tbnnd to be practical aod efBcient. 

Under these circumstances we did not attempt to suggest any new plans, and recora- 
lueuded the adoption of the alternative, of tbe two spans 350 feet long, as beitiBtl" 
cheapest arrangement, the (jnickest and safest to erect, and in our judgment HulGdent 
to answer the requirements of uavigatioQ at that point. It was uuderstoml iu diacuM- 
ing the resolutions that it was perfectly practicable to build spans of ^00 feet, bat 
that they would be very costly, and that a mistake in plan, material, or norktuauabip 
wontd be far more disustrons than in shorter spans. Several uf the engineers pruaenl 
were nnderst^od to be prepared to undertake th«ir erection should the cironmstuaiM uf 
the case require it and capital be forthcoming fur that purpose. 

I regret, in common with every member of that convention whiah I have met d>H< 
ita otose, that we allowed resolntions to pass so loosely worded as nut to convey c1«>r1f 
onr meaning, so that while they could be naed by one bridge interest iu a uanDS 
never contemplated by us, they nere jnstly open to the adverne critioism of anotlier. 

Allow me, however, to suggest in conclusion, that the general question of bridgivf 
our great rivers, could scarcely be expected to be glanced at, much less (with so pro- 
gresuive a science as engineering) settled in a four days' session. It seems to me tblt 
such aproblem may perhaps be bfst solved by prohibitiug certain designs snchM 
suspension and draw-bridges of any length, or by any iatle:?iblH rule as to spans and 
heights, extending over any considerable part of tbe course of even a single river} but 
thaD it v,uul(l perhaps be best to let the local requirements and circnmHtances goTBlB 
each case. An arrangement which may bu found eliicieut on tbe Upper MisMsiippl 
would probably prove a great nuisance at Saint Louis, and bo utterly impractioabUit 
Memphis, or New Orleans, and each bridge should be so arranged that the local D>>i- 
gatioQ can safely pass with ordinary care ai- all times. 

On the other hand, while tbe requirements of the river commerce should be full; 
yarded and preserved, it seems wasteful that bridge oompauicH should be requirail ID 
\r what may be needlees expense, and sink capital in providiug greater ai-VomaiD- 
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I realJf needed. Long Hpans, upon any deBign, are aijieuaireand bazard- 

._-, eqnire tbem nitboiit the clearest necesait'y mif[bt make tlie building of 

Tbridgea bo oneroiie as to deter capital fioin undertaking works of great public impor- 



Very reBpectfully. 

O. CHANUTE. 
G. K. Warren, Esq. 



63 Bleeckbr Street, 
I A'eio York, Januarn d, 1809. 

Drar Sir : Id ansifer to your (circular, I did not attend the Saint Louis c"nveution 
toor did I andeiatand that by the tacit permission of my name to the report I Indorsed 
Cn feet aa the limit of span for a bridge not euspenaion ; in fact, at about the same 

&! had reoommeniled to an engineer friend that he shonjd adopt the truss and 
for a spun of about 750 feet, rather than snspenaion, as being probably the cheaper 
■nd better in the position iu wbioh this bridge was to be constructed. In my railway 
RKperienue I have never hod charge of the oonstmation of bridges of over 300 feet 
f^D, nor aboald I adopt any longer than this if coat and positicm permitted ; bnt if the 
nrcnmatatices of locality and economy of oouHtraotiou and maiotenauoe were in favor 
nC a span of 750 feet, as above recommeuded by me, I should havu no hesitation in 
■Boptiiig it. 

m I ftiu yours, traly, 

f, W. E. WORTHEN. 

• UiJ. Oen. O. K. Warrrn. 

LETTER OF MR. B. S. CRBSBROUGH, CIVIL RSGISEER. 

Chicago, Janaary 16, ld69, 
Dkau Ser: Your circular of Deconibor 31 did not reach me until quite recently. 
. I spent but t<To days at the Saint Louia convention aud did not draw op the report ; 
intTertheleBS having signed it, I nil) not attempt to evade the reaponsihility attending 
ttatact. 

,1' In my own mind, the great object of the convention was to adviae the bridge com- 
ttuty what to do with regard to the adoption of plans. I should he very aorry to aay 
K was impracticable to bnlid a trass-h ridge, aafe for railway traffic, with a apan of 500 
&._> _!■ nnj, (gy(^ |jp( J ^Q think it wonld lie very nnwise to attempt either 



B 



lere the cireumatancss of the case did not make it ahaolntely neceaaary. 
rperience and obaervaCion would lead me to adopt spans of much lesa length than 500 
et where it could be dooe without too ereat a sacriQce iu other respects. 
The time even the Kuilenburg bridge has been built and tried by such trains as run 
Dn American roada, has not been sufficient, in my opinion, to pronounce it a aafe prec- 
B^nt in caaea where such a length of span could he avoided. 
Yours, very respectfully, 

E. 8. CHESBEOUQH. 
General Q. E. Wakreh, 

United Statei Army. 

t Saint Louis, January 25, 1S69. 

^ Dkar Sir: Tour circnlar dated December 21, ISCd, was received in dae time, and 
Iu bad my attention. 

1 firmly believe that river navigation must in the fntare give gronnd to railways 
^-"w rapidly than ever, and thinking thus, I believe that the most economical bridge 
"•■nre consistent with the requirements of the location is the beet. Therefore, it 
to me that :i50 feet is ample for the necessities of tbe river commerce at this 
A larger span woold not, in my opinion, benefit the navigation much, if any, 
it would increase very greatly the cost of the bridge. 

Dourse the pecnljar circamstancea attending tbe location of each bridge must 
i«igh greatly with tbe engineer who has to deciile upon the span and other details ; 
~i while 1 am iu favor of a medium span at this particular point, being aa it were a 
minos for the upper and lower river boats, I am io favor of stretching to the utmost 
lit consistent with safety the spans of all bridges over the great rivers which cross 
t points intermediate to tbe large cities along tbeir banks. The charaeter of boata 
l^vl^Aing that particular part of tbe river wonld alao induence me aomewbat, so 
hM I am not prepared to adopt any general plan, but would prefer to aee tb» • 
a. Ex. 69 VI 



r 
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naeBtlon left to h pernjaaeiit linnrd of engineerB, wlioae busineas it sbunld be tntee 
tnat the best iDtereats of the wbole coantry were protected), B,ud no mdividaal cnjiricc 
raflered to Ibrow obatiocles in the waj uf eitber river or railway transportation. 
I am yonra, very icspectfally, 

FRED. A. CHURCHILL, 
O. K. Wakbe.v, 

Major JingiHefri and llreccl Miijor-Gtntral, Uiiiitd Slaiea Amij/. 



CuiCACO, JuHunrj/ SS, 1869. 

Deaii Sir : Your circular of December 21, 1968, owing to my Abseiioe for the moat 
part of this montb, only reticbed me a few days since. 

I was not present, and did Dot participate in tbe discnssion at tbe cnaventinn of tn- 
gineers at ^int Lonis. I. however, approved generally of their doings; I have neier 
nnderstood from any of those gentlemen that I liave talked with siace thut ooaventiDD 
tliat they considereil a 50(l-feet span impracticable. Bnt a span of 350 feet WMean- 
BJdered long enough to meet the rei[uirenientB of linsiueas at that point, and It being 
cheaper to build with shorter spans, they therefore reoomnieDded the shorter Bpset. 
This was about the view I Umk of it, I conid not exactly see the necessity of s SW- 
feet span, and if not necessary, tbcn why boild it f 

I em nut wilting to place myself on record that it in impracticable to build s bridge 
of 500-feet spao. 



Yonrs, troly, 



G. K. Warres, 

Brevet Major-UeneraL 



R. B. MASOS. 



Couscu. BLurra, Iowa, February 8, ISffl. 

Sir : I have jnst received yoor printed circular, dated December 21, 1868, asking bo* 
far the convention of engineei's ussembled to consider the subject of the conslnctioil 
of a railway and highway bridge across the Mississippi River at Saint Lonia, iDlendri 
to decide the qnestion of bridging the great navigable western rivers. 

As I have no opportunity to confer with other members of the convention, lean onlf 
ventnre to give you my io<llvidaal impressions. 

1 think the spirit with which our iDquiries were conducted is very well indicated ti> 
one of the sentences quoted in your circular from tbe opening addrees of our president, 

" Although we have been convened at the request of one of tbe rival companies, jelwe 
are to consider all of the iinestions bearing on ibis subject without reference lo iny 
l«irticnlar plan or company." 

Aud while the facts and opinions were elii'ited by a single case, they have a tegiti- 
ma(e application to all similar noes, and so to tbe general subject of " Bridging Ibe 
Kreat navigable western rivers;" though 1 don't think it was any part of the dutf"^ 
intention of that cunvention t<i extend its inquiries to that general subject. 

Perhaps I have now answered all that yon intended I should, and yet I cannot ra- 
frain trom tendering the followinjir considerations apon a subject of so much ioipi'^" 
tance to the engineering profession and to tbe commnnities we serve. 

1 know of but one span (notauepension) that nearly approaches 500 feet in tbe rleaTp 
aud that iH the long span uf the Kuileuburg viaduct, over the river Lech, in Holland r 
recently completed. This span is i'Ji feet in the clear, and at American prices for i W 
and steel would have coat $^92,311, three and tliree-tentha times the cost of the 362^ 
feet span, and more than the whole 7 spans of 1ST feet each of the same viaduct. 

The g™&t additional cost of the span proposed (500 feet) will, in my judgment, io»t^* 
the aet if passed " practically prohibitory to bridges," except in cases of such necewiV 
as to justify almost any espenditure of money. 

1 do not think that a .'itiO-feet span is mechanical} n impraclicable. Tbe most serioi^ 
difficulty in the way of tbe coustrnotion and erection of such a span would be cjp"' 
rience in shaping and uniting parts of siiflicient dimensions to resist the great atrsini 
to which they would be subjected , and in providing falsework on a bottom that niV 
be shifting and unreliable ; that could uot be depended upon for supporting so coatlf * 
superstrncture during the lime necessarily consumed in putting together in placeont 
tieo tlumiaJid tuns of iron and steel consisting of so many parte. 

The steamboat interest demands that bridges over our navigable rivers shall be 
placed 50 feet in tbe clear above high-water surface. This requirement greatly bt* 
creases tbe difficulty and expenee of mlsework to sustain a structure so ponderous '~' 
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SlRy. Whili:, tliei'efore, it may be eranted that a aiiiisle span of 500 feet in the clear 
^Sb be bnilt, it most also be conceded that the ooDstniotioD and erection of such a spun 
rer some of the rivers nbich the public interest requirsB ns to bridge, would demand 
1 tbe reeanroea of the very beat mechanical and engineering talent and exparienca, It 
to be regarded as an extreme to which the engineer ihonlii be driven onl»/ by an abiolate ne- 

Moreover, tbe qneation of aafetf involved in the adoption of spans of such great 
length can scarcely be regarded aa settled by a single example to recently furnighed. Of 
Mnrse it is easier to build a short bridge than a lone one, the difficulty incTeasing 
Snarly in proportion to tbe aitiiares of tbe diBtancea to oe spanned ; and whether the 
Smit of safety, with the plans and materials at hand for tbe nse of the engineer is 
lH>t reached far within tbe extreme length of span 500 feet no sufficient experience has 
|»t been bad to determine. 

The passage of an act making; it necessary for tbe American euKinoer to exceed witb 
Ml bia bridges over our navigable ri vera tbe greatest lenctb of span yet attained wonld 
B viewed with surprise by tbe engineeriug pmfeaalon toroughout tbe world. Legis- 
Itfou requiring na to go beyond tbe limit of sll reliable experience would be unwise, 
iDgerona, and only calculated to prohibit bridges altogether wherever it might apply, 
xcept in oases of extreme neceaaity. 

The navigable channela of even our largest western rivers are rarely 500 feet wide— 

soerally not more than balf that width. Then wby compel engineers and those in- 

jireated iu the vaitt trade tiiat uei.'ka transit acruaa nur rivers to apau aand-bars and 

iDDaviKoble water when such compulsion is so detrimental to these great interests, 

^d iuvolvee aacb nice question a vitally affecting the public safety T Nutfaing but 

;g7oBB oarelessuesa or criminal intent will bring a steamboat iu contact with piers 

■placed from U50to3.SO feetapart In the clear, and parallel witb tbedirectiooot the cur- 

vmt. Otbernise, bow can ateamboata be kept in the narron turtaons channels they now 

^vig«te T 

' It BO bapiMna that many of our great navigable rivers lie directly aorosa the lines 
4ver which our snrplua prodoots must move ti> reach their best markets. This move- 
aaent is more important iu winter than in summer time ; but in winter nearly all of 
^sr moat important western rivers are closed by ice. So that even if they ran in tbe 
^-~jt desirable direetiona they would not he available at the moat favorable seaaon of 
jear for tbe transportation of our products. So it ha[>peua that the great bulk of 
inland carrying-trad a is dune by railroads, and the intereats of tbe whole produc- 



populatiou of the West are thus vitally affected by any enactment which will 
_.onsly impede the operatii>u8 of those roads. 
Am the trade obstructed by the rivers, increases, the hlnderances tbrowu in it 



ipede the operatii>u8 of those ri 

Me obstructed by the rivers, in , . ... 

Diteeesaarily by the less important river commerce will become a 

onable to tbe people interested. And have they not a right to demand now that 
^ile guarding a minor interest a greater one shall not be sai'riliaed f It is, of course, 
f first importance that our great natural chauuelB of inland commerce should be pre- 
■rred- They are free toBll,and can never become the property of powerful comblna- 
ona and monopolies. But they are not seriously obstructed by an occasional bridge 
lith spans of m>m 250 feet to 1950 feet in the elear, and theae in tbeir (urn aerve to 
uftct other lines of still greater importance to tbe great mass of uur people. 
1 think tbe opinion not only of the Saint Louis convention, but of the great body of 
IgineerB in this and all other countries, is adverse to 500 feet spauit, except in cases 
f absolnte necessity. Tbey are barely practicable. They may or may nut prove per- 
Qntly safe and reliable, and they are enormously expensive. 
Yours trnlv, 

WM. 800Y SMITH, 
SHpeiiiiiendiag Engineer, Omaha Bridge. 
■CJeneral G. K. Warres. 



SoRTK Missouri Railway Company, 

Chikf Engineer's Office, 
Saint Louii, Februars 10, 1869, 
Dbar Sir: Your printed circular dated at Saint Paul, Minn,, addreaaed to the mem- 
ra of tbe conveutiou of civil engineers, held in Saint Louis, Mo., in Angiiat, mG7, to 
'aider tbe subject of a railway and highway bridge across the Misuissippi River, has 
._n read by me with much interest. 
The whole tone of your letter goes to show that your great desire is to oolleot correct 
■formation, to the end of doing the greatest good you cau tu the railway interests of 
■e West, and at the same time to preserve ^e integrity of navigation on the Ohio, 
[iaaissippi, and Missouri Bivers. Theae rivers are the great competitors of western 
illwayn, ns carriers, and the unobstructed, free navigation of which is a, matter of great 
nportunoe to the country. 
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It ia rquall.v important, Lowever, tbat tbe rmlwaj' iutercat be not overburdened, or 
be Jbroed to ^roater outlay of mooey in buildiDg bridges tban ia neceeaary to protMC 
the boating intereatB. Bulieviug that you wished to get the opinioos of practiuU. mtn 
as well us scientilio, I addrestted a note to Col. C. Sbaler Smitb, of the firm of 8mitb & 
Latrobe, Baltimore, who cooibines both these qualitiea, requestiug hiiu to give b\» 
views of spans which can lie adopted over western navigable rivers without injoncg 
railroad, interests too muoh by great outlays, which I herewith inclose. 

I do not fulif agree with the viewseipressedin it as to the Decesaity of the very lanR 
spans mentioned. Fur while I admit the {lossibilitf of oonstructing long spans, it aee{u« 
to me that Cougreaa would not be jnalided in going beyond the requirements of wral- 
ern navigatiou, and I nm one of those who believe that it doea not require spana reach- 
ing beyond lili(l feet. Indeed it aeenia to me that apana of MO feet in the clear will u- 
oommodute all poBsilile coutiugenciea, except perbsps when made directly oppoBlIc 
onr largest cities, where boata of the different classes of tonnage exabauge fieigbt. 
Colonel Smith admits, and in this I agree with bim, that the coat of auperstructan in 
nearly as the aquare of the apan ; which will make a span of 500 feet cost withia 25 
per cent, of three timea as much aa a apan of 300 feet. This ismora thau must weitetn 
railways can spare to build bridges over the rivers named. 

Draw-bridges, built and proposed id aomo instances, have been and will be built bj 
independent compaaiea, because railroad companies are too poor ; these oompsniea 
charge toll, which netsaprutit, and will continue to do so, at the cost of the shipper, no 
doubt, for a loaff time. 

Owners of railroads will oontend that they should not be required to build bridgu 
beyond a span which will not ol)stru('t uavigation. Steam boat-own era will conleml 
for long spans, as it is manifestly their iuterest to keep back the bridges as lung u 
they can. while railroad ownera for a parallel reason will contend for the cbespwt 
bridge. A proper ilisciission will bring the minds of Congress to see the propriel; of 
taking a mean that will do justice to both sides. Pilots will be slow to testify Mil 
300 feet is not enough ; a contrary opinion woald be refuted by the fact that on evur.r 
trip at ordinary stagea of water the^ arc compelled to steer their boats throagb 
channels much leas than 31X1 feet wide, which is often done at night with no moan is 
sight. It ia for the interest of all railroad companies or bridge companies to build 
high bridges, and they ought to be compelled to do so, as a aufeguard against acci- 
dents to both bridges and steamboats. Besides, ^ river carrying almost tbe vbol> 
year an immense amonnt of sand anil silt is likely, and does, in fact, alter its ahao- 
Dcls, which, with a draw-bridge, will give trouble, while under big!) bridges it will 1m 

This will apply with muoh force to these three rivers, escept to tbe Mississippi abov* 
the mouth of tbe Missouri. Another reason why high bridges should be adopted is 
tbat the requisite spans are not attainable with draws. 

I am aware that I have not yet answered your question uked in the printed ci 
lar, not is it necessary if what I have said is noticed. 

The convention was, as you suppose, called In the interest of the rival bridge ow- 
pany. Yon mention a fact I did not happen to know when I accepted tbe call to It- 
tend, and many of the civil engineers whose names are appended to the report did lot 
attend, although I think they all saw the report and signed it before tbe printed Sr~ 
had much circulation. 1 did not have much to (to in the matter, except to contrib' 
to the " Keport on tbe regimen of tbe river near Saint Louis and Saint Charles." ' 
gentlemen composing that convention with whom I became acquainted, many ol tt 
for the first time, while in Saint Louis, are engineers much older and better akilleiU 
bridge-building thau I am, and to whose opinions I defer. My opinions ar *" ■""" 
best adapted to bridges on the Ohio, Misaiasippi, and Miasonri rivera are coi 
this communication. 

Under different circumstances I should have much preferred to have been silent;'' 
it is I write with a full knowledge of the inadequacy of my «:penence and jud "' 
in treating a subject properly, ao vital to the commercial induatry of the West. 



J. B. MOULTOS. ' 



Your obedient a< 
General G. K. Warrks, V. S. A. 

North Mibboubi Eailwat, 
EMGt^')tEK'a Office, Sunt Chahlies Bridok, , 

Saial Charlei, Mo., Jaauai-y 33, l^- _ 

Dkar Colokel: 1q reference to the letter of General Warren received from yo"' | 

would say tbat io regard to tbe proper length of apana on navigable streams, I bi'"' 

ctime to the following conclnaions : , 

FirtC. That the location should be such tbat there is a clear distance both above ^~ 

below the bridge, of two and a half boat lengths (longest boat in the trade) of atralg"* 



re&mnt. and tt 
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int. and that wbere tbie is the case the spao Bhonld be sufficient to allow the 

p^ongeBl boM on the riv. r to float throngh sMewiBe, and the longest and broadest tow- 

IBeettogoihronghat an angle of 30° with the line of the current. The location of the 
yfiien, in this case, shonld be Buoh that the natural aiU of the carcent ia through the 
j^Blddle ot the span, without reference lo the deepest water. Where this is attended 
^to, the normal action of the currtul will carrj an nnmanageable boat or tow throogh 

witbont dunKcr. , , 

Where the location cannot be made over a straight cntrent, the principles which 

I jAonld govern are these : Ascertain the distance ia the liue of the bridge between the 

.»riB of the current at the loweet navigablestage, and the same at the highest water, 

«Bd «&( rtts diataiux to the lengths of span previonsly determined tor a straight cur- 
fnnt. This will carry a boat through as before, by the natoral action of the cniTBut 

tlone. whether the river be low or high. Yon can judge of the principle from the fol- 
[jnwing sketch. 




I have made a good many eiperiuietj(« on the lee-way made by boat* in turning a 
-Bid and from wind, but I find the foregoing priuoiples come more neat to coreting 
nU pOMible jkolDtH iban any plan I have yet wen or thought of. In applying this to 
(practice on the Missouri River, we bave, at the Saint Charles bridge, 1,000 feet of 
UitTWgbt current above tbe bridge and l,s!00 feet below. From the regimen and ohar- 
fc»eter of the river, tow-boats will never become profitable on it; lo the Jongeflt boat 
Lfixea the span ; thix ia 285 feet, and allowing 15 feet at each end of the >>oat fur clear- 
l^oe. we have 31,t feet aa the proper span. 

The arrangemeuta hero suit the river interests ao well that not only have they not 
|(0t«inpted to enjoin ua, but a uuiubor of pilots have voluntarily communicated with 
I ime lor the purpoae of expressing their entire satisfaction. 

On the Mississippi and Ohio Rivera the longest tow-fleet woul i fix the spans. This 
t.vonld be 7 barges wide and 3 barges long, or a rectangle of 430 by 192 feet. This, at 
|«i angle of30o,willrei|niro 400 feet net, and 430 feet with the proper clearances. This 
nbr a span over a straight current, lu the carved current in the bend just at Saint 
iCfaarlea. where the varying axis of the current eqnala, I should think, tbe variations 
jjUfcely to take place at any point on the Ohio or Miasisaippi Rivers which wonld be 
Nvbcletrt^d for a bridge, the dietanoe between the high and low water axis ia 80 feet; 
Ijtdd this to 430 feet, and we have 510 feet aa the widest span which would probably t>e 
kSoqsired on the rivers in queatiou. 

In relation to tbe practicability of these lung spans, this is simply a matter of cost. 
qLnr one of the four or five of the beet fornis of truss in use in thia country can be ex- 
'tended to TOO feet span in iron or 1,000 feet in steel, without either difficulty or danger. 
lOnB of our firm has just successfully extended the common Howe truss, without an 
,Keh but with a wronght-iron lower chord, t-o 300 feetspan, and this without exposing 

I the wood at any point to more than 1,000 pounda per square inch, with the truss fully 
loaded. When this can be done with a material like wood, it is easy to see the ex- 
tended limit which can be reached with such a material as atesl, which is good for 
25.000 pounds per inch. 
Up to within the limits I have given, the coat of a trues is very nearly in proportion 
to the square of the apau, the girders of the arch and bowstring types, however, in- 
oreaaing in relative economy with Ihe truss-girders proper, as the spans are lengthened. 
Yours, very truly, 
C. SHALER SMITH, 
Chiff Engineer Saint Charlei Bridga. 

Col. J. B. MOULTON, 

Ckiff Engineer Sorlh J/issouri Railroad. 
, [iDdonemcDt.I 

Retpeclfullj referred t<i General G, K. Warren, U. S. A. 
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New Yokk. 

47 Eipliauge Plaee, FebrKary 15, IrWfl, 

GKKKJtiL : I uni in receipt of youT circular letter in reftirence to the report of tbe 

mventluD belli ■□ Saint Louis in ADK"Bt, l^StiT, to consider the Bubject of a railwa; 
and liighwa}" bridge across tbe MissisBippi River at Saint Louis. 

In ansn-er I wonld sa; tbat, altbongb my name appears aa one of tile DOQventiDn, 1 
WAS not present, and did not see tbe report until after it appeared in pampblet fociu. 

Tbe president of tbat oauvention was my obief for a number ur years, and lui<iQft 
always bad the most etalted opinion ol blB engineering ability, I told bim I wonld 
sign tlie report, and wonld sign anytbing be wonld put his nauie to. lu this war, n; 
nnme became ntiached to tbe report. 

I beg now to say, in reference to the questions auked, Ibat I fully believe in tUe 
practicability of building girder-bridges of 600 feet clear span, bat I do not belieTuio 
tbe propriety of tbem in any caae or nnder any circnmtttanceB, bnt I do believe in tbe 
propriety, tbe ecoROtay, tbe reliability, and the uaefulness of bridges of suBpensioa for 
railway and highway purposea of spaos ranging from 500 to 3,000 feet. 

Why the law should ba.ve b^en framed to exclude tbe BasneoBioa principle ia.to mi, 
inexplicable, when we hare in existencs a railiray-briUgu of much greater spau viiicli 
has given aatisfactioa. 

That bridges on tbe girder principle of SOP fest span cai be built there Is no* nn 
longer reason to doubt, with tbe knowledge we have of tbe Britannia brid^, 45V[e« 
3 inches span, aud tbe bridge just constructed over the Leek at Kuilenbnrg, loHoHami. 
of 493 feet spau, and auothec over the Moldaa at Prague, in Austria, of the same spu. 
Bnt I would a«lE, what engineer is there in the United States bold enough to noasi- 
mendsnch bridges for RODStruction here, when be bas staring bim in thefacetheflgoiea 
2,123 as tbe tous of iron and steel used in tbe oonstcucllon of one span of 49j feat. 
and tbe liguree 3,000 aa repre«entiDg tbe tons of iron nsed In one epan of tbe Britannia 
bridge, of less tbau 400 feet, and then compare these figures with the 400 tons of ln>D 
and less than 600 tons of wood used by Roebling in the construction of the Niagsri 
Suspension bridge, of over 800 teet span. I am fully convinced, after jeara of inveali- 
gatlon, tbat bridges of 500 feet span of icon and steel forrailwa3[ purposea, havinniio 
curved lines in any of tbe chief members, and having as much rigidity as the Brltanni' 
bridge, can be built, and BUCCEssfully built, uu tbe truas suspension ptinolple willi 
tnucb loss than TDU tons of metal. Fink'a patent auspensiuu truss-bridge, as now bmll 
by an eminent engineerinj; firm of Baltimore, and very extensively used tbroagboiil 
the conntry in spans of S50 to 400 feet, combines many of the features required in i 
Roebling bridge. This plan may, in my opinion, be improved for very long spans, b; 
introdncing a plan for keeping tbe main Buspeusion memberB in straight lines, b; 
auxiliary chains, as supporters of t!ie Bag, which would naturally take place. Tlli< 
featnre in bridge- building will, before long, be understood, appreciated, and osedfo^ 
railway biidges, of very long spans. I gee no good reason why railway biidses «( 
1,000, 1,500, or even 3,000 feet span should not be built, when o<.'caBion and cinrnm- 
sCances call for them. Bnt spans of these dimensions evidently cannot be built fit" 
the chief members are arches, depending on compreasion for streugth. Bars, or beaiiia, 
or colnmns, beyond a certain length, cannot be depended on mr atrengCh, without 
much lateral bracing and propping on every side, and even tbeu no man can tell vlM'' 
and where buckling and doubling up will take place, while a bar ur ohain of iraaD' 
steel, or cable wire, haa a known strength, no matter what tbe length, and om ^ 
relied upon. 

The suspension principle is fully understood and appreciated by the lending enp' 
neers of the United States; bo it ia a folly for legislators and otherB, attbepreaeutdty, 

Mr. Roebling deserves mucli praise and lasting honors for tbe boldness exhibited in 
design and the skill developed in execution, in railway bridges of snspenslun, and tbut, 
too, after tbe matter bad been discussed and condemned by tbe Institution of Eng'- 
iieerB in England. 

It Is shown by actual results that the dedection of the Niagara snspeDsion-bildtt<F 
which has a span of 6*^1 feet 4 inches, ia about the same in proportion to the BpM M 
tbat of the Britannia bridge, a rigid iron-plate girder, of 459 feet 3 inches, while etxb 
are loaded with 300 tons. 

When the Niagara suspension railway-bridge became a fixed fact, European eDgi' 
ueers made it the subject of much discussion. Many of tbe routine engineers, thuM 
that had been brought up in a groove, could not believe in it, and do iiot believe in 
it to this day ; but one among tbem, a well-known writer on the atrength of mBt«riit<i 
Feter W. Barlow, packed bis valise, came to this country on purpose to look at tbii 
wonder after it had been in exiatenoe over five and a half years. It may be inleteal- 
ing to ijuote Home of his opinions and oonoluaions, taken from a pampblet publiehed 
on bis return to England. On page 6 he says: "The Buspension prlucijile, if oorreotl; 
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fJOkTlied out, is the safest as well as the most economical application of iron to railvrsy 
stTUDtiireB." On pa^e 18 : " Oxidation is slow where every point can be got at and 
painted. Tabe-b ridges, with cells diEQcoIt to be not at, will be more liable to loss of 
Btreugth from this canse." Pago 19: "The dnrabilitj- of the Niagara bridge cables 
will not be less than the masoniy of which the towers are bnilt." Page 22: He shows 
I tha ratio of strength to strain by weight of bri'lge to be, in the Niagara bridge, G.5 to 
' 1, and io the Britanoia bridge, 3.4 to 1 ; the Conway bridge, 3.8 to 1, and the Saltash 
bridge, 5 to 1. Page 30, be says : " The Niagara briilge is the safest and most dnrabla 
bridge of large span that haa been coostructud. Had wrought iroo been nsed for tross- 
iaa, the total weight wonld not have exceeded 600 tons, the deflection of the wave 
tednted to 2 inches, and the strain on the cables to oou-eigbth of tbeir nltimate strengtb. 
It IB clear, therefore, that g20 feet is not the limit of the opening that can be crossed 
by this principle, but that spans as bigb as 3,000 or 5,000 feet can be carried out for 
railways wilhoot exceeding the safe limit of strain on the wire cables, and at a cost 
Which would render remnneralive connections and communications whith are now 
considered impracticable." Mr. Barlow tben goes on t« estimate tbe dimensions, 
Strength, and cost of a «aapenaion bridge of 3,000 feet span wiiicb be proposed to 
iuild between Liverpool and Birkenhead. 

■ From the foregoing notes and opinions of one of tbe first of English engineers, to- 
gether with what we know and can sea for ourselves, who is there that can doabt; 
who is there bold enough to ignore tbe strength, tbe economy, the safety, the dnra- 
bility, and the good merit of the suspenaion principle for railway-bridgee of great 
■pan T I am in the belief that a very large portion of Iho educated people of this coan- 
^txy are ignorant of what can be done with steel, and how differently it will act under 
lOertaiD eircnmstauoes of extension and compression. It ia common among engineers 
to demonstrate fante and show differenoea by caricatares. Let ns take this method to 
show what steel can do in tension, and what it cannot do in eompreasion. Suppose 
' Bteel wire to have a tensile strength of more than 150,000 |U)unds to the aqnare inch ; 
I alBO, that 1-inch cube will have a cumprcaaive atrength of more than 11)0,000 poands, 
•xid tbere is plenty of atae! that can he found that will exc«ed these ttgures. Now, let 
ns suppose that 4 cubic iuohea will weigh one pound, which, in round numbers, ia Dot 
int from the truth, tbere will be 50,000 feet of solid ateel wire (one square inch area) 
in the 150,000 pouuda, and there will be tensile strength enough in it, if in one piece, 
.'to hold itaeU, if auapended from a point 50 000 feet above the earth, and hanging in a 
^Btraigfat line. Then suppose yon reat the lower end on a well-prepared foundation, and 
'iet go ot the upper end, what wonld become of the 50,00(1 feat when you eome to depend 
'on its compreasivB strength f Is it not clear that it will donble up into a thousand 
Iblda and twists, and come down to mother earth with a rush T and yet tbe first onbic 
.lucb at the bottom was prepared to hold the whole of it without amahiug. Suppose 
wa take 3,000 feet of this 1-inch square solid cable of steel wire and hang it on a hook 
jtS.OOO feet above the earth, what will it hold T Why, it will hold itself, which will 
[ireigh 9,000 pounda, and a ball of 141,000 pounds, which is the balance of 150,000. 
^nt what will become of the 3,000 feet if compression is depended on, to say nothing 
■of the 141,000-poond ball ! Why, It will come down as before. What will become of 
,30 feet of thia cable, of 5, or even 2 feet of it, if it is stood np, and the 141,000-ponnd 
baU, or the tenth part of it, was placed on top T Why, it wonld buckle, and tlie ball 
l^oold have a tumble. 

I This, general, is not a very scientific way of writing, but it is one every person can 
■ODdereland, and I only write it in this caricatured light to show the diSerenoe that 
exists between compression and tension iu long-span bridges, where economy and re- 
U ability are considered, aud where tbe enginoHr is performing hia chief function of 
makioft the moat out of tbe least. 

Captain Eada is a bold man to design an arched bridge with apana of 500 feet, and 
will deserve credit for his boldness and nerve if successful, but I doubt if he will de- 
'«erve or receive much credit for spending two or three limes the amount tbe ciroum- 
stances called for. 

I remain, general, your obedient servant, 

W. \V. EVANS. 

AUNtTAL SEPOET OF CAPTAIX E1D3 FOE 1SC9.* 

The next report of Captaia Eada, chief engiueer, made to the presi- 
dent and tiireotors, that I have- seen i.s dated iSeptember 1, 1869. It is 
' DODtained iu iiiaeteeii pages, Svo. He had visited Europe in the pre- 
' ceding winter, aud witneased the plenum pneumatic process of sinking 
^piers, which he thoaght so favorably of that he proposed to adopt it in 
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sinking those of this bridge to the bed-rock. Much work of prepara- 
tion had already been done, but the masonry building had been con- 
fined to the Saint Louis abntment and the piera of that approach. Mr. 
W. Milnor ^Roberts bad been appointed associate chief engineer. 

ANNUAL BEPOET OP CAPTAIN EADS FOR 1870.* 

This report occnpies, with an appendix, 55 pages 8vo, and is accum- 
panieil by a drawing showing the bridge-spans as revised, and the tock 
stratum on which the piers were to rest. Tliere are besides four plales 
showing construction works and machinery, caissons, arraagemeiits of 
air-locks, &a. Ihe tiual designs were now essentially completed, and 
the work well under way. The account of the raetliods employed and 
the experience developed make it a very interesting and valuable re- 
port. The final design for the ribbed arches makes the steel tnbea IS 
inches in diameter, placed Vi feet apart from centers and connected b; 
triangular bracing. There are four such in each span, and the arc 
is the arc of a circle. The versed sine of the center span is 47.o feet aod 
the crown is 55 feet above the city directrix, so that the springing line 
is 7^ feet above the city directrix. The springing line of the side spana 
next the abutments are 18 inches lower, or 6 feet above the city direc- 
trix. The highest known flood, that of 18-14, was 7.58 feet above the 
city directrix, so that it is barely possible that the extreme fioods oao 
reach the arches at the springing lines. The versed sine of the aid* 
arches is 43 feet, so that the crowns are 50.5 feet above the city direc- 
trix. 

The great objeciiou made to this form of structure by the navigatiOB 
interests is in its allowing so little width of full headway. The report 
of 1870 is the last one I have seen from the engineer of the bridge. 



REPORTS OF A BOARD OF ARMY ENGINEEaS. 
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When in the summer of 1873 the near appronch of the completion 4 
the arches of the span next to Saint Louis brought to the st«amboii 
men's eyes the exact nature of the effect the bridge would have upon 
navigation, the steamboatmen at Saint Louis became much disturbed 
and made ap|)]ication to the Secretary of War to have tfie nature of tbe 
impending ob.struction investigated and reported upon by a board of 
engineers. This board, of which General J. H. Simpson was presidenCr 
was convened by special orders dated August 20, 1873, which directed 
an examination to be made, and import whether the bridge will prove a 
serious obstruction to the navigation of the river, and, if so, in what 
manner it« construction can be modified. 

The board reported, September 11, tbat it would be a serious obstruc- 
tion, and could devise no remedy, if the bridge was allowed to staml, 
except to build a canal around it on the Illinois side and place a draw- 
bridge over the canal. This report was replied to by Captain Eads, 
and charges of unfair treatment were made by the bridge company's 
agents. A replication was made by the board in a supplemental report 
dated January 31, 1874. Tbe whole was printed as House Ex. Uoo. 
No. 104, Forty-third Congress, first session, comprising 45 pages 8vo. 
It was reprinted in the Annual Report of the Chief of Engineers for 
1874, pp. 636-680, and contains a good deal of useful informatiou. I 
will caution any one from being misled by the last three horizoulal rove 

I Ootolwr, 
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f flfTDres in Table H. Tbe last two shoiiUl be stricken oat. Tbe i 
rill be properly fltated in Chapter III of the present report. 
Tbe bridge was completed aud opened for travel in July, 1ST4. 



Tlie Transactions of tbe American Society of Civil Engineers contains 
several papers : 

(I.) In volume II, pp. 135-139, paper No. XLVII, is: "A description 
'•ot the proposed plan for erecting tbe snperstructure of the Illinois and 
'" .int Lonis bridge," accompanied by an illustration by Walter Katte, 
E., read June 8, 1S72. 

(2.) In volume III, pp. 195-215, paper No. XCVIII, witb six plates of 
lastrationB, " Upeight arched bridges," by James E. Eads, civil 
i^HQeer, read Jane 10, IST'l. 

Thia paper presented a different form of bridge from tbat at Saint 
mis, to remedy some of the disadvantages of the system adopted for 
le supers tract are of that bridge. He aimed "to show that upright 
ihed bridges can be more economically constructed than is possible 
any other method whatever, no matter what length of span may be 
aired." This proposition was contested in a discnssion whicli fol- 
ed the reading by O, Macdonald, p. 215 ; A. Welch, J, D. Steele, and 
'. S. Pope, p. 216; T. C. Clarke, p. 222; L. Nickerson, p. 224; S. H. 
Ihreve, pp. 227-232; S. Whipple, pp. 235-238. 

Mr. Shreve continued the discussion, volume III, pp. 285-28G, and sub- 
litted a "comparative estimate of the amount of iron in the trapezoidal 
, .JU88 aud in the upright arch, reduced to like conditions." Mr. Clemens 
H&erscbell submitted additional remarks on the subject of npright 
mrched bridges, pp. 286-23S. Mr. I'2ads replied to the criticisms made, 
r^p. 319-334. 

(_ (3.) In volume HI, pp. 239-254, paper XOIX. A'oto on the erection of 

' e Illinois and Saint Louis bridge, presented June 10, 1874, by Theo- 

ire Cooper, with sketches to illustrate. This paper contains some accu- 

kte information abont the joining of the parts of the steel tubes not 

iven elsewhere. 

(4.) In volume IV, Upi-iffht bridges dUcussed. S. Whipple, pp. 81-85 ; 
H. Shreve, pi). ]fi2-173 ;' James B. Eads, pp. 174-184; S. Whip[ile, pp. 
i-203. 

HOEBLISG'a DESIGNS FOR BRIDGES AT SAINT LOUIS. 

Detailed plans for three difterent bridges at this place were elabor- 
Irted by Mr. John A. Koebling, civil engineer. They were to accom- 
imodate two railway-tracks on one floor, and a wagon-way for vehicles 
VBd street-cars to pass both ways, and with two sidewalks above. The 
jlieadway to be allowed steamboats was 90 feet above low water, or 
Sibout 57 feet above the city directrix. Two of the designs were for a 
parabolic truss, and one for a pure suspension bridge. The work also 
Srontains complete designs for a parabolic trnssbridge for the Ohio 
%iver with one span of 500 feet and two adjoining ones of 309 feet ; also 
^laos for various spans 400 feet and less. 

■■ The designs were completely worked out, and were about flnished for 
iblication when he met with the accident while surveying the site of 
leEast Eiver bridge, which causal his death. The work was after- 
■ard ptiblished and elaborately illustrated by his heirs, forming a folio 
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of 4S pages, iDcladiog n preface by his son, Waslilugton A, Boebliog, 
civil engineer. Short-span bridges occupy two additioual pages, and 
there are some 20 pages of tabular statements of strains, costs of ateel 
trasses, &c. There are 13 beautifully-executed steel plates giving geoeral 
and detailed forms aud dimensions of parts. The frontispiece Is an ex- 
cellent likeness of this renowned engineer. The w^ork is published by 
D. Van Nostrand, 23 Murray street, and 27 Warren street, New York, 
386(1. The title-page is, "Long aud Short Span Bailway Bridges, by 
John A. lloebling. Civil Engineer." 

"The greatest economy in bridging can only be obtained by a judi- 
cious application of the parabolic truss." 



The following decisions in the cases of the Ludy Pike and the Mollie 
MohJer have much interest. This bridge is just at the upper limitof 
the field of investigation assigned to me. The bridge, as far as I know, 
has never been declared a post-route by Congress. It is authorized by 
the legislature of the State of Minnesota, in which both banks of tbe 
river are situated, and is all within the jurisdiction of one United States 
district court ; so that it seems probable that the owners of the steam- 
boats could have brought suits for damages against the bridge-ownen, 
hut I am not aware that they ever did. The great danger the piers of 
the bridge occasioned to navigation is so fully set forth by the Sapreme 
Conrt, that it seems hardly possible that any one would have been 
allowed to so obstruct a navigable stream. There was nothing left the 
navigator but to stop or to undertake risks for which he had to pay all 
the damages. The case of tbe Ladi/ Pike was decided at tbe October 
term in 1874 (Wallace Eei)orts, vol. 21, pp. 1 to 17), from which the fol- 
lowing is extracted : 

Appeal from the circuit coart lor the eaatern district of Wisoonun, 

Tiie Oennania Inaaranoe Compa 

»t Shahopee on tbe Miiiiieaot« Kiv , 

down tbe river to its juoction witb tbe Miaaiaaijipi, tbenoe down tbe Mtssiaaiiipi W 
SavaoDab, 111., unaeoidabte dangers of the rivtr ' • " only excepted. The cuio 
was laden on tbe barge, and tbe tranaportation of it begun. In the oonrae of lEe 
voyage, however, the barge was wrecked. Tbe ioaurance company paid the low, wd, 
alleging that tbe barge bad been wrecked oninj; to tbe negligent manner in which tbe 
steamer had towed her, filed a libel agaiuat the steamer to recover what had been ViH 
for the loss. The owners of the steamer set up that tbe wrecking bad been caused bj 
an " unavoidable danger of the river," and was therefore within the dangers fnw 
which the; bad exceiited themselves. And whether tbe catastrophe was caused hy la 
" nnavoidable danger of the river " or by the steamer's negligence was the qnestiou. 

Tbe case was thus: 

In April, IBfifi, there stood in the Miasissippi River, jnst above Saint Pani, certiin 
piers of a bridge then in process of construction, beginning on the west side* of tlM 
river, and nanibered 1, 2, 3, 4, and 5, pier No. 3 (a torn-table pier) being so far unfin- 
ished as that, icAcn the river was high, barges like that on which this wheat was lldcn 
could pass in safety over it, thougli when the water was low the; could not. Id tow 
water the pier was exposBd. Owing to a gravel-point on tbe west aide of the rimf, 
which projected itself into the stream, and against which tbe water straok, the camat, 
in high water especially, rebounded and ran diagonally across the piers, toward tbe 
east shore, so that " a boat in gniog between piers No. 3 and No. 4 woald drift from 1 
to 6 feet towards pier No. 4."t Hills bounded each side of tbe river for many milei 

* " Weat or right bank " is here more properly the soiilheail side, as the river flow* in 
thia part northeast.— G. K. W. 

t The United States laws aur.bor 
to the cnrrent of the river. Thea 
with tboae laws. 
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KDDg itB counw, with occaaiOTial openiiiKa or "coolieB,"* as the navigaCorn oal! tiiem, 
rouffb whiuh wind blows, tlml at oihor plaoea in the river are arreated by the hilU. 
One ufthii Dpeuings or conlies exJHtnd on Ilie west a[de of the river, opposite to these 
jHera. The spate between piers No. 3 ftod No. 4, when No. 3 was above water, waa 

i&hont 111) fact; that between Nn. 2 and No. 41 was 2fi4 feet ; that between No. 4 andNo, 
'B was 151 feet. Tlie uiaiu part i>f the c.linnnel wm between No. 3 and No. 4 ; there was 
the draw of the bridge, and it was between those piorstliat boats and tows going down 
the river, and Buffieienily narrow to paaa thrnogb in safety, naually went. The pas^ 
ftige between No. 4 and No, 5 waa, at one time, obstruoted by a annkea bartre, but this 
I iraa after the time of the tranfiitnow under consideration. That passage — the passage 
, between No. 4 and No, 5 — at this time was oloar and of sufficient deplh fur the Ladi/ 

Pike and her tow to have passed iu safety. 
i In this s'ate of things it waa, the rivera Minnesota and Mississippi beiai; at the time 
fblL with spring waters, that the Lad; Pi Ice, a stern -wh eel areamer, " abigli boat wliioh 
I woald catcb a eood deal of wiod on her sides," set off from her moorings with three 
' Itarges in taw,Taden with 600 tons of wheat, a tow which waa to be atyled a heavy 
' tow, One barge, larger than the other two, waa liLshed on one aide, aod the remaining 
two apon the other. 
I The width of all the veasels, alearaer and barges, when close alongside each other, 
was 105 feet. They were all stanch and the steamer abundantly supplied with men, 
iDclndfng two master mariners and two pilots. Scudding cloods prevented the day 
(rom lleiog abaolotely clear, and " piilfa, gnats, or squalls of wind " came up from time 
I CO time. These had " bothered " the pilot nowhere, however, in a way worth men- 
I tiouing, and the vessel had had no trouble except a little in going between the pieraof 
I Knotber bridge higher np the atream, between which, however, they had got safely. 
I On anproaching the piers just above Saint Paul, of which we are now principally 
■peaking, the vessel beiog under a headway of about T miles an hour t^no squalls 
ttm blowing and no "alow bell " having been aonnded, the pilot of the ateanier, jndg- 
1 iDg by his eye, and thus judging, being nnder the impreaaioo that he conld do ao 
I Ufely, attempted to run hia ateamer and its tow between pier No. 3 aod No. 4. He 
j was apparently ignorant of the exact width of his steamer and ita tow, ignorant also 
I of the e^cact distance between the [>iers, and ignorant, beaides, of the tact that in the 
I then height of the water he conld have run orer pier No. 3. and ignorant in addition , 
I Moot appreciative of the diagonal effect of the current as it set in high water between 
, tile piera. The reiult waa that one of the barges atrnck pier No. 4 and was wreclted. 
The captain and other offiiers of the steamer swore thatjHsl as then trere going Ihrough 
I Ikeplen a squall arose and drove the barge against the pier ; that the accident arose 
through no negligence, aod was an unavoidable danger of the river. 
, The district aunrt held that this was the true view of the case, and dismissed the 
.libel. 

Tba oircnrt court affirmed the decree, and the case was now brought here by t lie 
tesnntnce company far review. 

Argnmeiits on botli Bide» were made, unA Mr. Justice Cliffonl deliv- 
ered the oi'inioii of the court, from wbicib the following extracts are 
DRde, relating e^iiecialiy to the navigation and the bridge : 

•* They, the ateamer and barges, were all arranged abreaat, the larger harge Imiag 

[lished to the starbourd side of the steamer, and the smaller uf the other two being 
luhed to the port sine of the steamer between the steamer and the starbuard side of 
tiie barge containing the wheat which is the subject nf litigation. Different estiuiateu 

' are made by witnesses aa to the width of the whole craft as arranged, but the evi- 
dence taken as a whole, convinces the court that the steamer and the three barges 

I rambioed, including the guards of the steamer and the planking of the barges, could 

£)t have been less than 105 feet, even if they were all closely iashed together, which 
highly improbable. Lashed aa they were, broadside to broadside, of course the 
JMetu of the steamer was much in advance of some or all of the respective stems of 
the barges, as she exceeded iu length even the largest barge mure than 50 feet j 

I *FrD))erly eoaU, a name given by the Canadians to the ravine made by a side rivulet 

I t When No. 3 was below the water. 

I tThiB speed must have inidnded the velocity of the current. — Q. K. W. 

{ II is highly improbable that the tow was made up in the position, with regard to 
ihe bows of the steamer and bargee, which the court inferred. The practice with 
BavigatioQ ia to make the bargea project in front of the steamer, ao as to facilitate 
ifteerage and control over them. It would be proof of the captain's incompetency if he 

IBec'ectrd this advantageous custom and took the arrangement accepted bv the court 

|0. K. W. ' 
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Tbe upiniou of the coart coDtinaes to iiarrrate tUe proneedings of tM' 
case, stating tb»t the decision of tlie district court was Hguiaat tbe libet 
laDts of the boat, aud that the circuit court had entered a deci'ee affirn- 
ing it. 

Whereupon tbe libelants appealed to thia cniirt. 

Errors asBigued here are io auliBtance and vQeot oa follows: 

1. Tbat the ateatuer and barge were uoC properly maDDod, nor were tbe; Gt for tht 
voyage, aa neitber the maater nor pilota had either the retjiiiaite kliowleclge of tbdTH- 
eel under their command or of the dangers and difficultiea of the navigaCian which 
they had to meet in the courae of the trip down the river. 

2. That the pilot improperly endeavored to ateer the craft midway between pien 
Nim. 3 and 4, when be ought to have known that tbe latter pier was no far under wit«r 
that the craft mi^ht have safely pasaed over it, as was uanalty done io times of bl^ 
water, by which impro|ier and nnneceeary act tbe barge oantainiDg the wheat ml 
brought within 5^ or G feet of the pier which she strack ; wbereuH, if the pilot ba4 
Hteereil the craft farther to the westward and passed over that pier, at he should bavft 
done at that stage of the water, the distance to the piers on either Bide of the oraA 
would have been so great aa to have avoided all daoger of culliaion. 

3. That tbe craft might have been navigated In safety hetweeii piers Kos. 4 aoit, 
which are 151 teet apart, showing that the craft might huva beau navigated tbroo^ 
that paiM tuav ing a space on either side of 33 feet, which ia niauifestly too great to havt 
been overcome by tbe allegeit gust of wind. 

4. That the speed of the atuainer with the barges in tow in passing between tbi 
piers was improper and unwarrantable, and was the etficient cause of the disaster and 

5. That it was the coarse of the onrrcot which was nnknowo to the pilot, that drots 
the eral'c to theleewani, and not the wind, as allegeil iu the answer, and tlie libetlaaU 
allege that ibe pilot, if he had had proper knowiedge i>f tbe navigation, might btm 
prevented that movement of the craft by the 6j:etiiiau of due skill in steering. 

1. Afipliod exclusively to the number of the steamer's compauy, the complaint oob- 
tained in tbe first assignment of errors would not be well founded, aa the crew «*• 
sufficient in number, and tbe proofs show that the steamer bod on boardtwo pilots and ] 
two nitutcr mariners, bat tbe gravamen of the complaint is that neither tbe master in 
charge of tbe deck nor the pilot had any sufllcieut knowledge of the cr&ft nnder their 
command, nor of the dangers o£ the navigation in passing down the river in aach ■ i 
steamer with three such barges in tow arranged in the manner before described. 

Proof of tbe most satisfactory character is exhibited that tbey (the mSiSter and pibil) 
did not even know the width of tbe craft, as the same was arranged, nor the actnil 
distance between the piera where tbe disaster occurreil. On the contrary, it appMH 
that they both overestimated the width of the space between tbe piera, and nuder- 
estimated tbe width of the tow, including the steamer, as they were arranged abreast, 
the distance between the two tirst-oamed piers not exceeding 11<) feet, aud the widtll 
of the whole craft being at least 105 feet. Nor does the fact that tbe pier on tbe star- 
board aide was ao far nnder water that tbe craft might have passed over it pallial* 
the rashness of tbe act, as the evidence sliowa that both the master and the pilot were 
ignorant of the fact, and. aa tbey approach the place of danger tbey put the steamer 
upon a course to canse the whole craft to pass midway between those two piers, whicb 
brought the port side of the barge containing the wheat within 5 orC feet of the pl<t 
on that side, wbiob was not aabmerged in tbe water. 

2. Attempt is made to excuse the master and pilot for endeavoring to pass midway 
between those piers upon tbe grouud that it would be safe to pass over the pier ou Iba 
starboard si(le,\iut the sufSciency of that excuse cannot be admitte<t for two reaaunsl 
(1) becanse they ought to have known both the dangers and the facilities of naviga- 
tion before nudertaking tbe reeponaible duties in which they were engaged ; (3) be- 
caase it was their dnty, if they believed that the pass in question was restricted lo tb« 
distance between the two piers, to have taken the other pass, which the evidence sbawt 
has tbe width of 151 feet," 

Opposed to that is the suggestion that tbe wider pnssage wsa obstructed by a sDiibtB 
barge, but the evidence satisHes the court that tbe alleged obstrnction did not exist st 
that time, and tbul the disaster that caused that bai ge to sink occurred at a lat>i 

3. Unobstructed as tbe wider passage won. it was plainly a rash act to attempt to pau 
down tbe narrower passage no a course which brought the port side of the barge contolD- 
ing the wheat within 5i or n feet of the pier on that side, which act can only be aocoantei , 
for upon thegronnd of negligence and inexcusable ignorance of thedangersand faaiU|'~ 

' It must be borne in mind that none of tbe apane of the bridge were yet pat ap< "j 
they bad been, then the paaaage run by the Ladff PSke would have been tbe uaiy ar'^ 
able one, and not the opening of 151 feet not yet spanned.— G. K. V 
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>iAvi)(atiDU, aa it vi»a evidently a bszardoiis eiperimeiit to attempt to }i»9a ba- 
bneen those piers if the craft onuld not paaa over the pier oa tbe starboard aide, and 
it is equally clear tbat it would have beeo safe to hare steered betvreeo tbe piers foriu- 
iofC tbe vrider passa^^e, which it seems never oocurred to the master or pilot. 

4. Even if sach ao attempt could be jiistilied at all on a wiudy day when the water 
vas high, it isqaite clear tbat ceitber skill dot good judguieat was exercised iu settiog 
ihe Douise of the craft before passing betweea tbe piers. 

Beyond all doiibt some allowance, thongh the margin was small, should have been 

,ade for the leeway of tbe craft, as tbe evidence is conviociag tbat tbe course of tbe 

immt at high water tends somewhat to force the craft toward tbe pier on tbe port 
fide. Besides, they bad met with some difliculty preriooaly ilarinu the trip tbat day 
ft the bridice higher up the river, and therefore were forewarned that a like dilficulty 
BJEht again occur. 

Ignorance of the ilaoger befure them is nn sitfflcLent excuse, aa tbe owner nppnints 

IB master nud is bound to select one of competent skill aud knowledge to trunfport 
_x>da and menihaodise shipped on board in safety, which necessarily impuaes tbe obli- 
(ktitiQ to employ a m aster' niariner who knows euougU about the route to avoid the 
bowii obstructions ami to choutie the moat feasible track for his route. Koowledgo of 
^a kind in river navigation is pet^uliarly (isaential, as the current frequently shifts 

HU one aide towards the otlier, and tbe track of navigation is often obatruoted by 
__i^, und-bors, and aboala, which no degree of skill would enable tbo mariner or 
^ol to avoid without a prior knowledge of their eiiatenoe. 

CroH-curreuta between the piers of tbe bridges, which apau the river aomewbat 
dgonally, are not infrequent, and as they are nut alwaya fully appreuiubla to tbe 
waaal observer it ia important tbat the master- mariners should know of their ex iateoce 
Wkd something of their force iu order that they may be able to steer their steamer or 
stber Teeeel properly through such a passage. Neither the master nor pilot in this 
4aie knew that there was any such cross-current between these piers, and oonae- 
4»ealljr took no preoantiou to guard agaiust its indueuce. 

Camera of merchandise by water seeking general employment are to be regarded as 
_}mmon carriera, and like common carriera by land, in tbe absence of any legislative 
prnvtsiao prasoriblug a different rule, are in general to he held responsible as insurers, 
', eonsequently are liable iu all events and for every loss or damage to the mercban- 
,_-!, nnless it happened by the act of God, the public enemy, or by the act of the sLip- 
^ar, or by some other canee or accident, without any fault or negligence on their part, 
IV expressly excepted in the bill of lading or contract ot ahipnient. 

fitandurd authorities show tbat the Qrst duty of the carrier, and one that is implied 
h latP, is to provide a seaworthy vessel, well furnished with proper motive power and 
nmiture necessary for the voyage. Necessary equipuieat ia as requisite as that the 
IidU of tbe vessel should be stanch and stronj;, aud she moat also be provided with a 
drew adequate iu numiier aud competent for their duty with reference to all the esi- 
j^BDolee of tbe intended route, aud with a comjietent and skillfal master of sound jud^- 
Uent and diacretion and with sufficient knowledge of tbe route and experience in 
isavigatiou to be able to perform iu a proper manner all the ordinary dutiea required 
ipC him as master of tbe vessel. 

Owners of vessels employed as such carriers most see to it that the maater is qaali- 

Bd for bia situation, as (hey are resnousible for bis want of skill and knowledge in 
_nl twhalf, and for his negligence and bad seauianabip. In the absence of anj^ special 
AgrMBieiit to tbe eontrary, or exception in the bill of lading or contract of shipment, 
Us daty extends to all tbat relates to the loading, aa well as tbe safe-keeping, due 
bsnsportatiou and right delivery of the goods, and for the faithful performance of all 
"loae dntiea the ship is liable as well as the master and owners. 

a. Differences of opinion may arise as to tbe meriU of tbe fourth aaaignment of errors, 
_jid inasmuch as euouich is alleged in those which precede and follow it to show tbat 
the decree of tbe circuit court ujnst be reversed, the court here does not find it ueoes- 
wry to determine the question whether the speed of the steamer, in view of the con- 
flicting testimony npou the subject, was or was not greater than the exigencies of the 
impending peril would justify. 

6. Nor is it necessary to express any decided onirion whether tbe fifth assignment of 
_Tor is or is not supported by the evidence exhibited iu the case, but it is deemed 
'yiopw to say that there is much reasou to conclude that it was the course of the cur- 
tent that forced tbe craft to tbe leeward and not the gust of wind, as was supposed by 
fiiose in charge of tbe deck of tbe steamer at the time the barge was sunk. Eaongh 
appears to show tbat the bridge there does uot span the river directly across the our- 
toat and that the tendency of tbe curreut is to force the vessel passing down the river 
W the leeward ; and tbe evidence is full to the point that neither the maater nor the 
Ijilot had any knowledge tbat they would have to encounter any such difficulty in at- 
^mpting to effect the passage between those piers Support to that proposition Is found 
ill the fbot that tboy did not tbiok it necessary to adopt any precaution to prevent sncb 
F^lsaster, except to see that the craft headed midway between the piers of the nairov 
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paaaoge aud to give tlie eteamer a fnll bead of steam, so A8 to make the passue M 

Saick aa possible, whicb abows beyond all doabt that little at do nae could be mwe ef 
le belm daring tbe passage, except t« steadj' the oraft oD tbe courae adopted jnit 
before they entered tbe passage betn-eeii tbe piers wbere the disaster occnrred. 

Reliable means to ascertain with certainty vihut force it was nhich caused theeran 
to make leeway dnring the passage is not exhibited in the record, nor is it necaseu? 
to decide that point as it wasplnioly a rasb act to noderlabe to steer the craft throncE 
that passage on a windy day when tbo hanks of the river were full, in the face of ut 
dangers which tbe evidence satisfies the conrt wonld neeassarily be enconntered in Bncb 
an attempt. Neither the state of the water not of the wind was snch as to fnrniahsnf 
.inst ezoase for tbe master or pilot, as they miebt have chosen tbe other paassge, or 
have taken proper and seasonable muasares to leave back one of the barges for the 

Sbip-owoers are responsible for sa<.'h a disaster if it results from tbe ignorance, as- 
ekillfulueas, or negligeace of tbe master or those in charge of the vessel. When Ibt 
master, being igoorant of tbe coast, sailed past the port to which be was destinedand 
ran into another port in Che possession of the enemy and was captured, the court of 
Kind's Bench uuanimoualy decided that the implied warranty to provide a muter nl 
competent skill was broken by sending ont one who was nuable to diatingnishbetWMs 
tbe two ports. 

Ignorance and unskil! fain ess being proved, tbe attempt to set np inevitable aMidui 
is vain, as such a defense can never be sustained, even In a collision case, nnleait 
appears Chat neither party was in fanlt. Loss or damage occasioned by snch a disutcTi 
where it appears that those in charge of tbe deck were incompetent to perfbrtn tbt 
required ancy either from inexperience, or want of knowledge of tbe route, or tna 
negligence or inattention, cannot be regarded as bein^the resnlt of natural caiiacs, not 
aa falling within the eicepCiou contained in the bill of lading or contract of sbiptDenC. 

DitTerent definitions are given of what is called inevitable accident, on acooant df 
the different circnmatances attending the disaster, but there is no decided case whioh 
will anpport sni'h a, defense where it a])pears that tbe disaster waaoccasiond by inoopi- 
petency, unski II fulness, or negligence of tbe master or pilot in charge of tbe deck. 

Service was not made in this rase upon the barge, nnd, of course, tbe decree naitlK 
founded upon the fault of the steamer and those who were responsible for the anskill- 
fulness and bad Judgment exercised in her navigation. 

Deoree rei'ersed with coats, and the case remanded with directions to enter a devN 
fur tbe libelants and for further proceedings in conformity TO TRn OPINIUK Of TBt 

The case of the ^follie Mohler is also reported iu Wallace, toI. 21. 

Appeal Id admiralty from a decree of the circait court for tbe eaBtero 

district of Wiacouaiu. 

The Home Insurance Company of New York was the insarer of * 
cargo of wheat shipped ou a barge appurtenant to the steamer Mobler, 
on the 12th of May, 1860, at Mankato, on the Minnesota Eiver, in the 
State of Minnesota — the river then being high — and destined to Saint | 
Paal on the Mississippi. The bill of lading contained the usnal excep- 
tion of " the dangers of navigation." The barge was wrecked by collis- 
ion with one of the piers of a bridge just above the city of Saint raol, 
at about eigbt o'clock on the evening of the day on which the voyage 
began, and was totally lost. 

The insurance company paid the loss and filed its libel in the district 
court to recover the amount under its right of subrogation. 

The answer set up that the accident occurred through a sudden an<l 
unexpected gust of wind which overtook the boat as she was about 
passing through the piers, and that she was therefore not answerable 
for the consequences of the collision. 

The case was heard on the testimony introduced by the respoudeota, 
the libelants having called no witness. 

The weather in the morning of the day when the boat set off was 
calm, but during the afternoon became rough and windy, so much so 
that the boat laid up at Memlola, near the mouth of the Minnesota 
River, and about 4 miles above the piers, on account of the wind. 
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fter snndowD — that ia to say, a few mioutes after seven o'clock — abe 
proceeded on lier voyage, the wind having " abated," aa the master said, 
Eir, according to the testimony of the mat«;, having " calmed clown some." 
At eight the barge struck the pier, killing a man ou board and sinking 
the barge. The night was starlight, and the piers had aignal-lights 
upon them. 

Od the trial there was great discrepancy between the testimony of the 
naBter and thiu of the mate as to the condition of the wind after the 
boat left Menrtola. The master swore that there was no wind to affect 
flie boat until the Julia, an ascending boat, got near the Mohler, while 
the mate said that the wind rose after the Mohler left Mendota, and blew 
lard by spells all the way down. They also disagreed as to the point 
where the Julia was met, the master saying that it was not more than 
a quarter of a mile above the piers, while the mate fixed the distance at 
1^ miles. 

From Mendota down to within a short distance of these piers, high 
Unfis, it should be stated, line the sides of the liver, and prevent boats 
iieeling or being aflfeeted by the wind, but that jast before reaching the 
piers the bliitfs recede from the river and open so as not to operate as a 
protection from the wind ; and that ou reaching this i>oint wind will be 
ieit, and sometimes very strongly, though before arriving at this point it 
would not be. Ou coming near to these parts there was no doubt that 
the wind had not gone down, and that it was from a dangerous quarter, 
the south, the river here running east and a south wind tending to drive 
a boat on a pier. 

When ne cauio within about balf a mile of tliepieca [said the pilot], gouts oame at 
timeo bard enougli to split tbe posts of fences, tmt they Inlled. Tbeu a heavy gale 
Mmck ua fonr or Hve lengths above the piers. We could not have then obanged our 
coarse or madD a lumliug. Everjtliing possible to prevent a collision was doue; but 
tbe eolIlKiou was inevitable. 

An expert witness — of the respondents of course — onerossexamination, 
testified that witbiu a quarter of a mile or even less, the steamer and 
her tow could have rounded to and landed even in a hard wind from the 
aontb ; and that not to do so in such a case would be bad seamanship. 

Other witnesses testified that these piers increase the danger of the 
navigation; that vessels were very liable to be driven against such 
• obstructions; that extraordinary precaution was necessary ia going 
I through them, and then, that "a man is liable to be beat at it." 

Both the district and the circuit court held that the officers of the 
Bteamer were guilty of a wrongful act in attempting to pass between tbe 
piera of the bridge in the state of the weather at the time, and condemned 
the steamer. From this condemnation her owners appealed. 

Mr. J. W. Gary, for the appellants, argued that it was plaiu from the 
fact that the vessel had put into Mendota for the exact purpose of no( 
inuning while there was high wind, tliat all evidences of high wind must 
have diaappeared before the vessels came out, that no wind did, iu fact, 
Bistarb them until they got to where the bluffs recede; that there from 
the physical configuration of the land occasional gusts of wind might 
come unexpectedly through the gaps as through a funnel, though no 
high wind were stirring; that such was the case here; and that where 
such a gust did come through such a place it was a true peril of navi- 
gation. 

Mr. N. J. Emmons, Contra: 

Mr. Justice Davis delivered the opinion of the court, It ia insisted 
^jtbat the loss occurred through a peril of navigation, which was one of 
~;he exceptions contained in the bill of lading, and that therefore the 
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carrier was exciiaed from a detirery of tlie wbeat. The bunlen of proof 
liee on the carrier, and Dolhing short of clear proof, leaving no reaaon- 
able doabt for controversy, should be permitted to dischRrge him from 
dntiea which the law has annexed to his employment. This bardon hu 
been assumed by the carrier, and the case was heard on the testimoDy 
introdnced by the respondents, the libelant having called no witneBses. 

It may be true, as the answer implies, that the boat wonld have safely 
made the passage if the wind had not driven her against the pier, bat 
this does not solve the difJBcnlty. The inquiry is whether the passago 
should have been undertaken at all in the general bent of the weather 
on that day. If the carrier had siiftlcieut warning to put him on hii 
guard, and chose to neglect it and take the chances of a venture, when 
common prudence told him there was danger in it, he cannot escape oa 
the ground that the particular peril which finally' overcame him waas 
sudden gust of wind. The general doctrine that a carrier is not answei- 
able for goods lost by tempest has uo application to such a eaae, 

It is undeniable that the weather was boisterous during the after part 
of the day on which the lose occurred, and that the boat laid up at 
Mendota on account of the wind. It had at beet only "abated" or 
"calmed down," when she left Mendota and proceeded on her voyage. 
There is a singular discrepancy in the testimony of the master and tie 
mate as to the condition of the wind after the departure from Mendota, 
and as to where it was that the wind began to blow hard, the master 
swearing that there was do great wind antil the boat met the Julia, and 
that this was but a quarter of a mile above the piers, the mate giving a 
very different account as to both facts. Both these officers had eqosl 
opportunities of judging, and there is nothing in the record atfectiog 
the credibility of either. In such a case the defense fails, for the re- 
spondents have no right to ask the court to prefer the testimony of one 
witness over the other, when there is nothing in the record to show thai 
one is more reliable than the other. 

Apart from this, there is enough in the evidence to establish satisfac- 
torily that the weather had not cleared, nor the direction of the wind 
changed, and that the boat should either not have left her moorings at 
Mendota, or have landed at some proper point before the piers were 
reached. It won't do to say that the wind bad moderated, and that the 
officers of the boat thought they could get through without trouble. 
They had no right to think so, for on such a day squalls were likely Co 
arise at any moment, and it wasbadseamansbip, being forewarned, to at- 
tempt to go through such a dangerous place iu the river. It is difficaU 
at all times to make the passage of these x>iers, and especially so iu sad- 
den gusts of wind blowing from the south, which was the case on that 
day. And this difficulty is enhanced in the night-time and when the 
current, by reason of high water, is increased. 

Any prudent officer would have stopped until the weather became calm. 
At any rate, it was the duty of the master of the boat iu question to have 
done so, and failing in this duty, he is chargeable with the consequences 
of his negligence, which, in this case, was lamentable, for not only was 
the property in his charge destroyed, but a human life lost. The ofB- 
cers of steamers plying the Western waters must be held to the fall 
measure of responsibility in navigating streams where bridges are built 
across them. These bridges, supported by piers, of necessity increase 
the dangers of uavigation, and river-men, instead of recognizing them as 
lawful structures built in the interests of commerce, seem to regard them 
as obstructions to it, and apparently act on the belief that frequent acci- 
dents will canse their removal. There is no foundation for this belief. 
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Instead of the present bridges being abandoned, more will be con- 
! fltracted. 

j The changed condition of the country, produced by the building of 
f railroads, has caused the great inland waters to be spanned by bridges. 
1 Xhese bridges are to a certain extent impediments in the way of navi- 
gation, but railways are highways of commerce as well as rivers, and 
\ would fail of accomplishing one of the main objects for which they were 
created — the rapid transit of persons and property— if rivers could not 
' t» bridged. It is the interest as well as the duty of all persons engaged 
I in bnsiness on the water-routes of transportation to conform to this 
I Necessity of commerce. If they do this, and recognize railroad bridges 
■ as an accomplised fact in the history of the country, there would be less 
'^loas of life and property and fewer complaints of the diflQculties of 
' aavigation at the places where these bridges are built. If they pursue 
a different and contrary course, it rests with the courts of the country, 
iu every proper case, to remind them of their legal reeponsibility. 

D&CBEE AFFIRMED. 

These decisions in the cases of the Lady Pike and the JloUie Mohler 
show how very important it is that Congress should pass laws in regard 
I to bridges that will afford ample protection to navigation, Here ia a 
, bridge over a navigable stream, begun, without any authority of the 
laws of Congress, iSjfore 1866, and left in an unfinished state until 1870, 
' with piers unreasonably close together, partly submerged at high water, 
oblique to the current, altogether making it "rashness to pass" such "a 
place of danger" in pursuit of the regular business of navigation at 
; timea when the other parts of the river were easily navigable to the 
I best advantage. There seems every reason to believe that the bridge 
, company was liable to damages, but under the rulings of the Supreme 
I Oonrt such redress is doubtful, and the steamboat-man is little able to 
carry on a suit against a bridge company, often backed up by a great 
railroad interest. 



The act of Congress making appropriations for rivers and harbors, 
approved July 11, 1870, provided in section 5 for the detail of three 
engineers, whose duty it shall be to examine all the bridges now erected 

. or in process of erection across the Ohio Kiver, and to report, &c. 

I The officers detailed were myself, Ceneral Godfrey Weitzel, and Col. 

I W. E. Merrill, Our final report is given in the Annual Eeport of the 

J Chief of Eaginoers for 1871, pp. 397-457. 

The same assistant engineers, Mr, Cotton and Mr. Bentley, and the 

] same methods were employed on the surveys of the Ohio Kiver bridges 
that had been used npon the Mississippi. 
The most prominent feature of interest here at that time was the 

' Newport and Cincinnati Bridge, then in process of erection, which was 
being built as a pivot-draw, only 70 feet above low wat«r, while the navi- 

I gation interest claimed it should be by the law 100 feet above low water, 

f The readiness with which the report on the Ohio can be consulted re- 
quires here no more thau a reference to the distinctive features of the 
bridge. The law providing for the bridge between Cincinnati, Ohio, 
and viewport, Ky., grew out of that providing for the bridge at Stenbeu- 
ville, so that the debates iu Congress on the subject which preceded the 
passage of that law became of interest, in order to ascertain the inten- 
tion of the framers of that law, 
S. Ex, 09 13 
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All tbat is pertineDt to tbis subject is given in the report of the Board 
of EogineerB (AnDual Report Chief of EiigineerB, 1873, pp. 435-440.) 
A luiimte description of the bridge as first designed is giveii in the same 
report, and it contains a recommendation that the coitBtructors should 
be compelled to laise it to the height of 100 feet above low water for the 
secnrity of navigation. The report of this board contains a fairly full 
account of all the bridges then built across the Ohio River. It also 
submitted a draught for a law regulating the bridging the Ohio Eiver, 
with the reasons therefor. 

Congress, by an act approved March 3, 1871, required the building of 
the Newport and Cincinnati Bridge, as recommended by the Board ot 
Engineers, and provided that the bridge company might file a bill id 
equity, in the United States circuit court for the southern distnct of 
Ohio, for reimbursement for expenses iu making the change, if in their 
first plan tbey had not acted unlawfully. Tbis suit has been com- 
menced, but, at the date of this report, not decided. The decision vlU 
be looked for with interest in connection with tbe matter of reserred 
right which the Uuited States laws make to remedy any injury to navi- 
gation by future legislation, although tbe case of tbe Newport and Cin- 
cinnati Bridge is so pecutar that it cannot have very general applica- 
tion as a precedent. 

Congress, by an act approved December 17, 1873, established a gen- 
eral law for bridging the Ohio River, essentially as recommended by the 
Board of Engineers. Every proposition to bridge the Ohio River, andM 
its provisions, must have the approval of the Secretary of War ; and in 
tbe case of the bridge jnst below Cincinnati, the plan was submitted to 
a Board of Engineers consisting of General Simpson, Colonel Merrill, 
and Major Suter, Corps of Engineers, They decided that, at the site 
selected, a span of 500 feet was necessary to secnre the clear navigable 
space which the law required. (Annual Eejiort Chief of Engineers, 
1S76, Part II, p. 299). Under this decision, the city of Cincinnati built 
a clear span of 500 feet, standing on piers 100 feet above low water, npon 
tbe horizontal truss system, and without using steel or incurring snf 
extraordinary expense. This is a great success for engineering ia the 
interest of navigation. 

The Board of Engineers, which reported upon the Ohio River bridges. 
Las been again convened, to consider the question of a bridge at Evane- 
ville, where some new aud impoitant engineering questions have been 
raised. 

Taken as a whole, Ohio River bridges have been provided, ander 
circumstances of great difficulty, very thoroughly for the unobstructed 
navigation of tbat river. 

The following is a list of the bridges on the Ohio River below Pitts- 
burgh : 

Steubenville, Ohio.— Eail way bridge. 

Wheeliogi W. Va, — Highway suapeiiBion bridge over main ciiaaael. 

BellaJre, Ohio. — Hailway bridge. 

pBrkersburg, W. Va. — Kailway bridge. 

Hewport aud CiDcinnati. — Railway and highway bridge. 

Covington and CinoiaDati. — Highway anapeoaiou bridge. 

Ciucioiiati, Oliio.^ — Railway bridge. 

LoniflYille, Ky.^ — Railway bridge. 

MBMOEANDUM UPON THE MISSOURI KITER BRIDGBS. 

These have all been built since tbe time when tbis investigation «» 
ordered, and generally under the same requirements as in the laws for 
bridging tbe Mississippi. 

Tbe less kindly nature of the Missouri in its changing banks and 
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jjiboals and tbe advantage of a less depth to the bed-rock made the 
^^ptiOD for a high bridge 50 feet above high water and spans (one at 
\|ea8t) not less than 300 feet in the clear much more favorably received 
Uiy bridge companies on the Missouri than on the Mississippi above their 
QDDction. 

r The gentle adaptable nature of the Mississippi Eiver yields every ad- 
pvantage to free navigation, and yet submits to the worst conceivable 
obatrnctions without destroying them, although evert bere a limit to ob- 
BtTQction has been reached. The engineering of the bridges on the Mia- 
Boari is, therefore, generally much better than that of the Upper Mis- 
Bissippi. For, while on the Mississippi all the bridges are oa the low 
draw-bridge plan, except the highway bridge at Saint Paul, those on 
tHe Missonri, at Saint Charles, at Leavenworth, and Omaha, are high 
ones; 50 feet above high water. 

Hence the conclusion is plain that the higli-bridge altcruative is not 
llo itself impracticable, for it has been several times adopted in prefer- 
lence to the low-draw plan, under circumstances similar to the cases in 
[vbicb low draw-bridges have been given the preference upon the Mis- 
Inseippi. 

I Not having had the Missouri Eiver bridges in my field of duty, I can 
\ give only a fragmentary account of them, which is as follows : 
L 8aint Charles, Mo., rail way -bridge. Three channel-spans 300 feet in 
^e clear, 50 feet above high water; three 300-feet deck-spans on the 
Zight and one such on the left of the channel spans; approaches on iron 
trestles; masimum grade, 1 to 100. This is an admirable structure, de- 
signed and built by Smith & Latrobe, Baltimore Bridge Company. It 
INKsapied three years in building, being finished in 1871, at a cost of 
i|l,797,186.10. This bridge was designed by treneral 0. Shaler Smith, 
ffithont any limiting provisions in the United States laws. 

Boonville, Mo., railway draw-bridge, 10 feet above high water, with 
Siaw-openings 160 feet in the clear. Built with unexampled dispatch, 
imd finished in January, 1874. (See Van Nostrand, vol. 10, p. 91.) Gen- 
ial W. Sooy Smith, engineer. 

' Kansas City, Mo., railway draw-bridge, 10 feet above high water, with 
flraw-opening 160 feet in the clear. Finished in July, 1870, Mr. O. 
Dfaannte, engineer. Full account by Mr, Channte, published by Van 
KToatrand, 4to, with illustrations. This bridge is reported upon by Major 
Bater, Corps of Engineers, in Annual Report of Chief of Engineers for 
1869, pp. 304^00, 

Leavenworth, Kam., elevated railway-bridge bnilt 50 feet above high 
Vater, one span of 340 and two of 315 feet [probably from centers). 
Finished in 1873. General W. W. Wright, engineer. Foundation sunk 
to bed-rock. 

Atchison, Kans., railway draw-bridge; clear openings of 160 feet. 
Probably 10 feet above high water. Recently built. 

Saint Joseph, Mo., railway and highway draw-bridge, with clear open- 
ings of 160 feet each, one span of 80 feet and three of 300 feet. Founda- 
tion sunk to bed-rock by plenum pneumatic process. Finished in June, 
'1873, Mr Eddy D, Mason, engineer. 

. Omaha, ifefer., elevated railway bridge 50 feet above high water. One 
ehanuel-span, 300 feet in the clear, other spans, 250 feet. Finished in 
1872. General W. Sooy Smith, engineer for the foundations, which 
•re tubes, sunk by pneumatic process to bedrock. 

List of bridges on Missonri River, authorized but not built. 
At Glasgow, Mo. At Nebraska, Nebr. 

At Leiington, Mo. At Sions City, Iowa. 

At Brownville, Nebr. ^ 
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built witb an uabroken or coDtinuous span of uot less than 100 feet ia 
the clear from pier to pier ; io all otber respects in accordance with con- 
ditions, &c., of an act to establish certain post-roads, approyed Jul; 
14, 1862. 

Joint resolutUm approved April 7, 18G9, aatLorizes the bntlding of a 
bridge at — 

Faducah, Kv,, with a continuous span of not less than 400 feet Id 
the clear ; iu other respects, iu accordance with act approved July H, 
1862. 

Act approved July 11, 1870, directed the Secretary of War to detail 
three engineers to examine all bridges now erected or in process of con- 
struction across the Ohio Eiver, and to report whether such bridges 
will interfere with the free and safe navigation of the river, and, if they 
do, to report what extent of span and elevatiou above water will be re- 
quired to prevent such obstruction, and an estimate of coat to chaiijK 
thera. 

Act approved Jul}/ 14, 1S70, amendlQg act approved Jaly 20, Idl 
allowing the bridge at — 

Saint Joseph, Mo., to be built on the terms and subject to linid 
tious of the act of Congress approved July 35, 1866, provided if bar 
as a draw-bridge the spans of the draw shall not be less than 200 fi 
in the clear on each side of the central point. 

Act approved March 3, 1871, made it unlawful to proceed in the con- 
Btructiou of the bridge over the Ohio River from — 

CmciNNATi, Ohio, to Newpoht, Kt., now being constructed, nnless 
so constructed that tbe channel-span of 400 feet, as located, shall have 
a clear headway at low water of 100 feet below any point of the span. 
In such case no draw would be required. Further required that i)rO' 
posed changes by the company should be submitted to tbe Secretary ot 
War for his approval. It also provided that the company could, aftei 
making the changes, file a bill in equity in the United States circuit 
court, and gave the courts jurisdiction. 

Act approved February 24, 1871, anthorized the construction of a rail- 
way and highway bridge over the Missouri Eiver at — 

Omaha, Nebe., under the provisions of the act approved July 25, 
18GG, authorizing the bridge at Quincy, &c., provided that if constructed 
as a draw-bridge it shall have draw-spans of not less than 200 feet in 
the clear on each side of the pivot-pier, 

Act approved March 3, 1871, authorized tbe bridging of the Missis- 
sippi River at — 

Louisiana, Mo., and provided that if built with unbroken and con- 
tinuous spans it should not be of a less elevation than 50 feet above 
high water mark to the lower chord of the bridge, nor should tbe spans 
over the main channel be less than 350 feet in length, and provitleil 
that if built as a drawbridge the draw should be over the maia channel _ 
with spans not less than 200 feet in length iu the clear. 

Section 6 anthorized the construction of a bridge over the Miss 
River within 9 miles of — 

Glasgow, Mo,, provided that the said bridge shall be t 
unbroken and continuous spans of the same height and lengths as pIQ 
vided for a high bridge at Louisiana, Mo. 

Act approved March 3, 1871, appropriated $500,000 for completing tl 

Rook Island bridge ; it being an unespended balance covered iati 
the Treasury. 

Act approved March 5, 1872, authorized the building of a railway and 
highway bridge by the "Saint Joseph Bridge Building Company* * 
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BUHT Joseph, Mo., eitber as a bigh britlge or low draw-bridge; if 
Itigh not less tbKQ 50 feet above extreme bigb water mark. 

Nor shall the spans of said bri(I>-es be less tban 350 feet m leii(;Cb, • >■ • anil the 
^ain span shall be over tliu niaio cliaDtiol of the river and uut leas than :iOD fuet iu 

" If built as a draw-bridge, the provisions are the same as in the act 
Approved July 25, ISCG, authorizing the bridge at Quincy, &c. This 
•ct provides that a plan of the bridge must be submitted to the Secre- 
tary of War for his approval. The company shall not assign the charter 
which it now holds by asaiguisent from the Saint Joseph and Denver 
pity Bailroad Company, nor construct any other bridge. 

Act approved April 1, 1872, authorized the building of a bridge over 
She Mississippi Kiver within 15 mites of — 

I Clinton, Iowa, not to interfere iu any manner with approaches or 
piers of the bridge now constructed at Clinton, under the limitations as 
to dimensions of spans as provided iu the act approved July 25, 1366. 
vLll railroad companies desiriug to use it shnll be entitled to equal rights 
Iq the passage of it, upon terms and couditions prescribed by the Secre- 
tary of War. 

Section 5 provides that the Secretary of War shall have power to make 
regulations for the security of navigation, and the bridge shall be 
Ranged at the espense of the owner. 

Section 6 authorizes a bridge at — 

MnsoATiNE, Iowa. 

Section 7 authorizes a bridge at any point between the counties of — 

Whitesides and Caeboll, Illinois, and Jackson and Clinton, 
JowA. 

Section 8 authorizes a bridge to be built at — 

La CBOS3E, Wis., by the Milwaukee and Saint Paul Bailioad Com- 
pany. 

Act approved Mas 1| 1S73, amends act approved March 5, 1872, but 
jSid not change any of the required lengths and heights of span. 

Act approved May 11, 1372, authorized a bridge at — 

BooNYiLLE, Mo., to be built under the requirements of act approved 
j^nly 25, 1866. 

Act approved May 15, 1S72, authorized a bridge over Lake Saint Crois 

it— 

. Hudson, Wis.; draw to be 320 feet long over all, with two spans of 
%Vi feet in the clear, for the passage of boats ; one span, 136 feet in the 
^ear, for the passage of rafts. No provision was mode as to height. 

Act approved May 17, 1872, authorizes a railway and highway bridge 
\a be built at — 

QuiNOV", III., under the same provisions as in act approved April 1, 
^72, for a bridge at or near Clinton. 

Section 7 authorizes a bridge at 
: Wabsaw, 111. A provision of the act was that this bridge be com- 
taenced within eighteen months. 
I Act approved May 25, 1872, authorizes a bridge at — 

FOBT Madison, Iowa, under the provisions contained iu act approved 
4.pril 1, 1872, for a bridge at Clinton, &c. 

Act approved June 4, 1872. — All bridges hereafter constructed over the 
Ifississippi Giver, under authority of any act of Congress, shall be sub- 

3t to all the terms, restrictions, and requirements as to length and 

light of spans, &c., of the act authorizing the bridge at or near Clintou, 

iwa, approved April 1, 1872. 
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Act apprtned June 4, 1872, authorizes the Davenport and Saint I 
Railroad Company to pass their cara over the bridge at Rocic I ' 
under certain provisions. 

Act approved June 4, 1872, authorizes the building of a railway a 
Mghway bridge at — 

Nebraska City, Nebr., under the provisions of act approved July 
25, 1866. Section 2 provides that the charter shall be for the use an<i 
benefit of any person or corporation who shall complete the bridge, and 
ihat the said corporators may be compelled to make the transfer of the 
charter by any court having jurisdiction. 

Frotided, That tlie said Kebiaska Brldfje Company auil their BBBociatea ahall fail lo 
conimance in good faitli tbe erection of said bridj;B within one year from tbe paua^ 
of thia act and complete tbe aaid bridge without nnnecessarf and unreasouable delif 
in accordance with the provisions of this charter. 

Act approved June 4, 1872, authorizes building a railway bridge across 
the Missouri Eiver at — 

Beowkville, Nebb. If high, fiO feet above high water ; spans, 2W 
feet; tnain span, 300 feet; if a drawbridge, draw-openings not less than 
200 feet ; adjoining spans, 250 feet ; 10 feet above high-water. 

Act approved June 10, 1872, authorizes a railway bridge to be built at 
or near the city of — 

Bed "Wing, Minn., under the provisions of act of July 25, 1866. 

Act approved December 17, 1872, authorizes the bridging of the Ohio 
Eiver, for railroad or other purposes, by any one having authority there- 
for, upon compliance with the provisions and requirements of thia act. 
Every bridge above tbe month of the Big Sandy shall have at least one 
span of a height of not less than 90 feet above low water and of not less 
than 40 feet above local high water; that this high span shall gives 
clear openiug of at least 40U feet between the piers, and shall be placed 
over the main channel. If tbe high span is not over the low water 
channel, suitable arrangements to be made elsewhere to permit the pas- 
sage of single boats at low water. All bridges over the Ohio below the 
Covington and Cincinnati suspension bridge shall have in addition to 
the high span prescribed above a pivot-draw with two clear openings 
of 160 feet each. If the conditions of this act cannot be complied with 
tbe Secretary of War shall appoint a board of three experienced officers 
of the Corps of Engineers to examine the case, and may on that recom- 
mendation authorize such modifications iu tbe requirements of this act 
as will permit tbe conatrnetion of the bridge. All bridges over the Ohio 
shall maintain such lights as may be required by the Light-House Board. 

This act authorized the building of one bridge at — 

Wheeling, W. Va,, with a span over the main channel of not lesfl 
than 350 feet iu length. 

Joint resolution number ten, approved April 7, 1869, authorizing a bridge 

Paducah, Ky., was repealed by this act. 

Standard steam-pressure for tow and freight boats on the Mississippi 
Eiver and tributaries changed from HO to 150 pounds by thia act. 

Act approved March 3, 1873, authorizes the Saint Clair and CaroudelelL 
Bridge Company to biidge the Mississippi from the southern part of 

SA[nt Louis. — The bridge must have two spans over the maiu cbl 
nel of not leas than 500 feet in the clear at low water mark, no span tf 
the water at low water mark to be less than 250 feet in the clear. 1 
elevation of the bridge over the main chaunel shall not be less than tj 
feet above low water mark, measuring to the lowest part of the sag) 
structure, or in case of nrch spans, to the loweat point of the centevil 
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tbearch; that it shall have two railway-tracks, two highway-tracks, 
and two foot-walks of uot less than 8 feet in width. 

Act approved March 3, 1S73, authorizes a rail way- bridge over the Mis- 
souri River at — 

Lexington, Mo., to be built uuder the same provisioaa as contained 
in act approved July 25, ISUe. 

Act approved June 6, 1874, legalized the railway and ponton bridge 
across the Misaiseippi Eiver at — 

Pbaibie du Chibn, Wi3. — Section 4 of this act provides that the 
bridge authorized at or near — 

Clinton, Iowa, by act approved April 1, 1873, may be constructed 
as a pile and ponton bridge, with a draw not less than ^08 feet in width. 

Act approved June 23, 1874, authorized the Milwaukee and Saint Paul 
Railway Company to construct a bridge at a point heretofore selected at — 

La CR0S8E, Wis.; a board of engineers to be convened to report 
what accessory works are necessary to secure a straight channel-way 
for navigation ; the board to determine the location of piers and height 
of bridge ; company not to proceed with the building until report of the 
board is approved by the Secretary of War ; superstructure not to be 
I commenced until accessory works are constructed; a provision that the 
said company shall not charge more thao 1^3 a car for each freight-car 
transported across said bridge. 

Act approved June 23, 187i, appropriated 823,400 for — 

Bock Island Bbidge, for alterations and repairs and additional 
machinery (for draw of bridge), and for care and preservation, one-half 
of which sum to be reimbursed by the Chicago, Kock Islaud and Pacific 
Hailroad Company. 

Act approved March 3, 1875, act amendatory of the act approved March 
3, 1873, authorizing bridge over the Mississippi at — 

Saint Louis, Mo., allows two straight continuous spans of not less 
than 450 feet in the clear. Section 2 requires the company to close 
Cabokia Bend if the site on plan numbered "2" submitted to the Secre- 
tary of War be accepted. 

Act approved March 3, 1873, authorized a ponton wagon-bridge across 
< Hie Mississippi River at — 

DuBDQUB, Iowa, subject to all the terms, &c., of act legalieing a pon- 
ton railway-bridge at Prairie du Ohien, Wis., approved June G, 1874, 
, Bobject to the provision that it shall have a draw 500 feet wide and that 
plan and location shall be subject to the approval of the Secretary of 
War. 

Act approved July 6, 1876, authorizes the city of — 

La Cbosse, Wis., to construct a pile and ponton bridge across the 
Mississippi Kiver, subject to all the terms of act legalizing the Prairie 
da Cbieu railway pouton bridge approved June 6, 1874, with the modifl- 
oations that it shall have one draw of uot less than 400 feet, and that 
plans and location must first be submitted to the Secretary of War for 
his approval. 

Act approved Juiy 8, 1876, authorizes the Nebraska City Bridge Com- 
^^ny to build a poutou rail way- transit auit wagon bridge across the 
' Hissonri Kiver at — 

Nebraska City, Nebb., with a draw 300 feet wide ; desigu and 
drawings of the bridge and a map of the location for one mile above and 
one mile below the bridge shall be submitted to the Secretary of War 
for bis approval before the bridge shall be built. 

Act approved August 15, 1876, authorizes the Sioux City Bridge Com^ 
jlpany to haild a railway and highway bridge over the Missouri itiver at — 

L . 
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Sioux City, Iowa. — It may be built as a high bridge 50 feet above^ 
extreme high water, all spaas 300 feet; or as a draw-bridge, same dimen- 
Bions, &c., aa act approved July 26, 186G. If the company elect, tho 
Secretary of War may authorize the building of a pile or ponton bridge 
subject to the restrictious in the act legalizing the Prairie dn Ghien 
bridge, approved June 6, 1874, except that it shall have oue draw 400 
feet TV ide in the clear ; plaus of bridge aad location to be subject to the 
approval of the Secretary of War. 




General Account of the way the Surveys and IntestigatioijI 
have b^en made. 

Deacription of surveys made 
the maps and report were prepared — List 

Compiled m*ps "" 

six miles— List 

Surveys in, 1S3G. — This description of surveys includes not only those 
made at bridge sites, but such as were made for the purpose of improv- 
ing places of difhcolt navigation, more particularly of the river between 
the Falls of Saint Anthony and Bock Island. The subject of improve- 
ment will be treated in a separate report, but the surveys are sll 
described here, as they were really included ia the requirement of the 
bridge investigation "to survey the whole river." The same partiei 
did the fleld-worlt for both purposes, Mr. J, P. Cotton, civil engineer, 
was from the first employed on tbis work, and for much the larger po^ 
tion of the time he was in charge of these surveys. He has, also, with 
other assistants, under my direction, prepared all the maps and othei 
drawings, and aided me in every part of this work. 

The short time remaining between my arrival in Saint Paul, in 
August, 1866, and the close of the season, coupled with the fact thai 
my report upon these surveys had to be submitted to Congress at iti 
next session, in December, precluded the possibility of making a cod- 
tinuous survey of more than a small portion of the river upon which I 
was to report. I theretbre concluded to make a recoDnaissance of the 
whole river from Saint Anthony to Saint Louis, and to make detailed 
surveys at points where navigation was obstructed, and at bridges, and 
at proposed and probable sites of bridges. 

For this reconnaissance, the steamer Q. B. Kuapp was chartered at 
$1,000 per month. She was a new steamer, built to ran between Still- 
water, Minn., on Lake Saiut Croix, and Saint Paul, Minn. Her 
draught, when light, was only about 20 inches. The light draught 
enabled her to run in any channel that could be navigated by freight- 
ing steamboats. The boat was in charge of a captain, a pilot, two en- 
giueers, fireman, and deckhands. Difficulty, as usual, was found ia, 
organizing a party to make the instrumental surveys. This was the 
first work in that section of the country requiring engineers possessed 
of practical knowledge in river surveying, and want of time prevented 
bringing them from other places. 

Mr. C. C. Smith, an engineer of ability, whom I employed, sacceeded 
in getting together the following party, viz: T. P. Gere, J. P. Oottoo, 
A. I>. McSweeny, O. H. Conwell, and H, D. Van Pelt. These men had 
come to this part of the conntry for various reasons, and had been es- 
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_ _ 1 apou railroad surveys. One of tlieni, Mr, Coawell, with mental 
kcqairemeots and aims wt^ll fitted for our work, bad coma for his health, 
Jrijicli he could not secure, and his loss was much felt in my subsequent 
Work. Taken as a whole, the party at the outset was a make-shift, 
9oc^ as erery engineer has to ase, when hie chance for success is only 
to do the best he cao. They all did the best that could be expected in 
this line of work, and some of them succeeded so well as to be highly 
appreciated afterward upon other river work, where they are now em- 
ployed. The whole party consisted of forty-one persons, as follows : 1 
ODgiDoer iu charge, 5 assistants, i chainmen, i flagmen, 1 steersman, 
10 axmen, 2 rodmen, 10 boatmen, 2 cooks, 1 watchman, 1 steward. 
Other men were employed from time to time in the place of those who 
Vere sick or disabled by accident; so that the effective party usually 
BQmbered 3(i to 40 men. It was essential to have uieu who could han- 
dle aod row a boat, so that in hiring men we were contiued to this class. 
Xrooble of course was bad with them, the most of whom were steam- 
"boat hands, never long content at one thlug or in one place. The party 
would barely get into working order when it would be crippled by one 
^or more of the boatmen leaving. Xew ones employed in their places had 
jto be instmcted. It is the old story, and only mentioned here to show 
itbat we were no better placed than others had been. To lodge this 
rparty, a fiat-boat, which had been built to carry produce down the river, 
!vae purchased and fitted up. This boat answered very well for the 

Jarpose, although it was t^>o small for comfort. It was purchased for 
650, aud fitted np for $200 additiounl. There were employed upon 
this boat two meu to take care of it, two cooks, one steward, and one 
iratchman. A trausit-liue was to be run on each bank as near the 
'water's edge as practicable, the topography along the line being noted 
' by tlie transitman ; stakes to be set at hundred-feet intervals to euable 
tiie sounding party to fix the ends of tbeir sounding lines. "Towliead*^' 
' (a name given to an embryo island, or the last vestiges of one that is 
washing away) were located by triangulatiou. Mr, Gere was given 
■ oharge of one of these parties, and Mr. McSweeny the other at the first 
jstart. Mr. Gere performed his new duties with success and he remained 
during the first season. 

Kach transit party was made up of 1 transitman, 2 chaiumeu, 3 ax- 
<10en, 2 fiagmec, and au instrument carrier. 

I The level Hue was confined to one bank. It was to be continuons, 
I toaching the water surface at iutervals of not more than 1,000 teet, and, 
if practicable, as often as each 500 feet. All high-water marks were to 
^ be connected with it, aud special pains was enjoined to search for them. 
j It was found that the knowledge of those living on the river, concern- 
I log the level of high or low water, was unreliable, and it was only in 
'rare cases that definite marks could be found. When good marks were 
'iband there was frequently an uncertainty as to the knowledge of the 
' date. Bench-marks were to be established at intervals of not more than 
I oue mile. Trees bad to be used generally as a matter of necessity, and 
< if in the future they cannot be found, attention must be paid to this 
'narration of the circumstances. Whenever the survey included towns, 
ithebencb-mark:4 were to be made upon the most presumably permanent 
objects that could be found in them within practicable distances of the 
sarveyed lines. Fortunately this delicate and important work was at 
:the ontset assigned to Mr. Cotton. The level party consisted of a lev- 
Idler and two rodmen. 

Tbe topographer was entrusted with getting the character of the 
twttom -lands, terraces, and bluffs adjacent to the lines run along the 
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river. When the survey reached a part of the river where it was dividd 
into two or more channels by Islands, he was placed in charge of a partj 
to meander tlie islands with compass. He also assisted in locating snh- 
merged bars, and in all the various measurements of special localities, 
in velocity and discharge observations, &c. This position was given to 
Mr. (j. H. (Jonwell. The topographer was assisted by two chainmen 
and as many axmen as special occasion required. 

Sounding-lines were run across the river as often as every 5O0 feel, 
nsnally in a direction diagonal to the shore. Each line was started from 
a point on a transitline. this point being noted in the souuding-book bf 
the recorder, and the distance from the line to the first sounding esti- 
mated. The boat was then rowed at a uniform rate, and soundings 
were taken at regular iutervals, as near as could be estimated; on reach- 
ing the opposite bank, the recorder noted the station of tbe tranait-lioe, 
and estimated the distance from the lEist sounding to it. When sonnd- 
ings were made between the shore and islands, the lines were run to the 
points on the island that had been fixed by triangnlatiou. The sound- 
ing-party consisted of a recorder, sounder, and four oarsmen. 

In this method of sounding a river a great many soundings can bo 
made, but it very imperfectly flses their position on a map, even when 
the greatest effort is made to secure uniformity in the time of Bounding 
and rowing. But this attempt at cadeuce requires tbe soundings to be 
made at intervals which often miss the most important features of tbe 
bottom, and the pole of couveoieut length sometimes does not reacb tbe 
bottom in deep places. Sometimes the grounding of the boat on shoala 
and when approaching the shore destroys all nniformity in the work 
and the regular spacing of tbe soundings ou the lines marked is wrong. 
One tenth of the uumber of soundings made with judgment, where tlie 
actual position is fixed, is of far greater value. We have found that 
with an instrument having a micrometer attachment to give the dis- 
tance by measurement of the image of a rod of known length, and a 
compass bearing to the place, will hx the point well enough for ordinary 
purposes. This method serves well to map the crests of sand bars ; aud 
then a few soundings in the deep intervening parts are all that is re- 
quired to show the actual state of the river. 

Reductions of the depths to any one plane, in shoal rivers with sandy 
bed, cauuot bed one with any propriety, for the bed ctiauges with the 
rise and fall of the water, and has no permanent form. At best it is 
condition that we ascertain, and for engineering purposes the depths 
have no value beyond a knowledge of the ruling navigable depth. 
Given the volume of water aud the slope and the kind of bed, we can 
deduce the navigable capacity a stream can be made to have. This i3 
a fact that is not generally known or apprehended. 

Gauges to meEisnre the rise and fall of the river during the survey 
were established at Minneapolis, Minn., above the falls, Saint Paul, 
Minn., Winona, Minn., Prairie du Chien, Wis., and Clinton, Iowa. 

Mr. Smith was directed to commence work at Fort Snelling (at the 
mouth of the Minnesota Kiver), to instruct tbe assistant and men in the 
duties required of them, during the time I was organizing and tnstr^c^ 
ing the parties for tbe cxamiuation and report upon the Minnesota 
Eiver, the Cannon and Zumbro Rivers, and upon the Fox and Wiscon- 
sin Rivers. He made acomaiencement on the 13th of September. The 
survey was continued under tbe direction of Mr. Smith, until the 2lat 
of September, when he received, and with my permission accepted, the 
offer of more permanent employment on the Minnesota Valley Railroad. 
The party was then placed in charge of Mr. H. C. Long, civil engineer. 
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ifore I joined tlie party a contiouons survey bad been made of the 
fiver from Fort Siielliug to Bed Itock, a distaace of 13 milea; but no 
reliable cnrrent meagnreiaents had been made. 

i On the 23d of September, all of the parties for the other river surveys 
|la my charge having been started, I closed my ofdce iu Saint Paul and 
Teat oil board the steamer Knapp to give personal attention to the sur- 
[Teys and esaminations of the Mississippi. The qnarter-boal was taken 
m tow by the steamer Knapp. Capt. N. F. Webb of steamer Itaska, of 
pTortbwestern Union Packet Company, was engaged to point ont those 
Uaoes at which the greatest obstacles to navigation were usually found. 
ffiia long esperience as captain of steamers on this river made him 
^Uailiar with the needs of navigation as well as the difflcntties attend- 
ing it. Qis good sense and kind, manly character, endeared him to us 
:^l. He subsequently lost bis life by an accident in the pablio service. 
Proceeding on board the Knapp to Ked Bock, the quarter-boat was 
^keo in tow and the reconnaissance sketches begun. One of these was 
mnde by me to acquaint myself with the character of the river. Dis- 
tances were estimated, and the local directions were taken from the 
positions of the sun, checked occasionally by a compass. My attention 
, was specially given to noting characteristics of the river. The widths 
\ were checked occasionally by triangnlation. This course of observation 
lirasa valuable means of instruction and the record was useful for future 
nreference. I would advise everyone put in charge of a river so little 
RDOWQ as this was to pursue such a course, for it gives one ideas fresh 
Ifrom uature, and enables him to appreciate the views of others- 
r The other sketch made by ns on the steamer Knapp was made by Mr. 
Is. Custer. In this, much more care for accurate representation of course 
and distance was attempted. The distances were estimated by him at 
' the rate of the boat's motion, and bis courses were taken by a compass 
all the time. Atthe same time soundings were being made and recorded. 
fChe result when worked out was adisappointmeut to us. The rate of a 
Ateamboat on the Upper Mississippi in low water is exceedingly varia- 
jble. On approaching a shoal the valves of the engine will be shut ofif 
to that the vessel barely moves, being kept, as it were, balanced in the 
eootrol of the pilot, to go either back or forward as may be best. Bur- 
jag tbis time the steam accumulates in the boiler, and when the ahoal 
|8 passed full power is let ou urging the boat on rapidly until the 
next shoal requires the repetition of the same exercise of judgment. 
Thus it is, measured by time, a steamboat may be longer passing one 
or two hundred leet of shoal than in passing 1 or 2 miles of deep 
pools. Mr. Cnater had not had enough experience at this kind of river 
work to make due allowances for the ever varying rates. The steam- 
boatman himself, by long experience and observation, judges very well 
about this matter of average speed, but I have found not only on the 
Mississippi, but on the Missouri iu 1850, that even the pilots much over- 
rate velocity. 

We found the carefully prepared sketch of Mr. Custer nearly worth- 
less, and have never used it to any extent. Another disclosure was 
that the man sounding while the boat was in motion, always found a 
great deal more depth of water than there really was. I mention tbis as 
a caatiou against receiving reports of such soundings where any impor- 
tant conclusion depends upon them. We stopped awhile at Kobinson 
Island and bar, where a base line was measured and the features of 
the island and bar determined. The next point at which surveys were 
made whs at Hastings, Minn., where a railroad bridge had been pro- 
posed. Ilere the volume of the river was measured with mid-depth 
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floats. Betweeu Hastings and Frescott, particnlarly in the vicinity irf 
Prescott Island, there were very bad sand bars that greatly obstructed 
the navigatiou of the river, and the snrvey was made continuoiu 
between the two places, a distance of 2^ miles. The position of the 
sand bars was fixed by triangalation. This was the system nsed in 
locating bars thronghont the survey of this season. Au esaraination 
was made of Lake Saint Clair np to Stillwater, and a map made of the 
narrow places at Catfish Bar, and opposite the mouth of Willow Bivet. 
The volume of discharge from the lake was also meaanred. 

At the mouth of the Cannon Eiver, the party made a short survey, 
and measured the volume of water flowing from this small river, 
because it was one of the rivers upon which I was to report. A survey 
was made of the west or Wacouta channel, one of the three mouths 1^ 
which the Mississippi enters Lake Pepin, This is the most favorabte 
one for navigation, although sometimes too shoal. The entrance to 
the others from the lake is more difiicnlt. The middle channel wa 
sketched and sounded out by the steamer Kuapp, but the northern one 
was not visited this year for want of time. 

The party then proceeded to the foot of Lake Pepin, where a contin- 
uous survey of about 13 miles of river was made. This part of the 
river includes the mouth of the Chippewa Kiver and some of the most 
troublesome bars on the Mississippi lielow Lake Saint Croix. Both 
banks were surveyed, the larger islands meandered, and nearly all the 
sloughs and all of the navigable channels sounded out. All bars bavlog 
a defined outline were located by triangulation. A eontionnns linerf 
levels was run the whole distance, particular pains being taken to ob- 
serve the difference in level of the water surface above and below the 
crests of bars. Bench-marks were established and all high water marks 
found, connected with the line of levels. The channels below Alma, Wis,, 
were also run out and sketched in the same manner, and at Alma the 
volume was measured with mid-depth floats. 

While the party was making this survey, I took passage on a very 
small steamboat, drawing about 12 inches, and ran up the Cbippevt 
River to the head of the Chippewa River delta, making sketches on tie 
way. The little steamboat had much difBculty io navigating. She wM 
poled around sharp turns, and the passengers sometimes went ashore 
and walked. We returued in a akifl' by the other mouth known as 
" Beef Slough." This elough is deeper than the former channel for half 
the way down, when it is lost in numerous diverging channels choked 
with trees, and barely passable for a canoe. It furnishes a, most into- 
esting subject for study. Lake Pepin is a consequence of the depoeitof 
sand from the Chippewa Kiver. 

On the 1st of October surveys were made in the vicinity of Minneiskth 
including the mouth of the Whitewater Kiver, and at Chimney Rook 
Bar. On the day after, at Rolling Stone Bar, three miles above Fono- 
tain City, Wis. 

The party then proceeded to Winona, at which place a railroad bridp 
had been authorized by Congress. The survey began on the 3d, and 
was completed on the 4th of October. It extended over about i miles 
of the Mississippi between the mouth of Straight or Boiling Slone Slough 
and a point about 1 mile below the city. The direction and velocity of 
the current were determined in two places. 

We then went to La Crosse, Wis. Here the building of a railroad 
bridge had been considered by the Southern Minnesota Railroad. We 
commenced to survey about 2 miles above, and extended to some dis- 
tance below the town, in order to include all probable bridge Bites: in 
all, about 4j miles. The volume of the whole river was measure<l al 
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Plume Island. Velocities of current were measured in several otiier 
tlaces, giving us the volume of the main river at La Croase. 

On the 7th of October, we made a small survey in Ooon Slough and at 

6 town of Bad Axe, Wis. 

At Frairie du Ohien, another railroad bridge had been antliorized, 
id a survey was made, commencing at the bead of the island 2 
ilea above the town, and ext^ndiug down so as to include the mouth 
»f the Wisconsin Itiver. The survey was made to cover the iirobable 
k>cation of the bridge. The bars at the moutb of the Wisconsin Kiver 
<irere located by triangulation, and the survey lines were run up that 
iriver for a short distance. Carrent-measnremeDts were made at several 
j^laoee. This survey was completed on the 10th of October. 

On the 11th of October, surveys were made of a small ext«nt of river 
_.t Gottenberg, Iowa, and atCassville, Wis., where navigation had been 
olffitracted by sand-bars during low water in previous years, and some 
ttbortive attempts at improvement had been made. 

The next point surveyed was at Dubuque, Iowa, where Congress had 
anthorized another railroad bridge. The survey was commenced on 
October 12, at the State line between Wisconsin and Illinois, about one- 
half of a mile above Dunleith, III., and extended to the moutb of Catfish 
<]reek, 2 miles below Dubuque, Iowa, the whole length of river surveyed 
lieing about 4J miles, and it was finished on October 14. The volume 
of discbarge and the direction and velocity of the current were measured 

jre. 

The next survey made was at the railroad bridge at Clinton, Iowa, 
on October 15, 16, and 17. The survey commenced at Fulton, 111., and 
extended to Beaver Island below Clinton, a distance of 3 miles, and was 
^aished October 17. It included a complete survey of the bridge, both 
of its sabstructure and superstructure. A fuller set of current-observa- 
tions were made here than at any previous place. The method was an 
improvement upon our previous practice and was the result of experience. 
It was followed in all our subsequent current-observations at bridge 
Bites. The English engineers on the International Bridge over the 
I?iagara at Buffalo in 1870 adopted it from us, and Mr. Gurowski gives 
an account of it in his interesting report on that bridge. As a simple 
and reliable method it seems to leave nothing to be desired, giving both 
ttireotion and velocity, and a description of it is inserted here. 

Floats of joist 4 to 8 feet long and 2 inches by 3 inches in section were 
used, sunk to near the surface of the water, bearing little Sags to make 
them readily seen. They were started some distance above the bridge, 
and allowed to pass through it, their positions being determined every 
thirty seconds by angles measured from each end of a measured base on 
ifaore. A time-keeper, with watch in hand, stood midway between the 
two observers, and five seconds before the even half minnte he called 
" Beady ! " The observers at the theodolites directed the telescopes to 
the flag of the float and kept it in view as it floated until the time-keeper 
called " Time ! " at the even half minute. The angles were then read and 
iteeorded in the notebooks. Similar observations were made above and 
below the bridge. Where the distance between the theodolites was 
long, or where there was noise so that the voice could not be heard, flag- 
signals were used to denote '* ready " and " time." 

It is well to state here, in view of the expensive and troublesome way 
In which these floats are sometimes made, that it can be done very 
titnply. A bag with a slit left in it large enough to insert the hand is 
tied at the bottom end of the stick used as a float, into which sand, 
igrarel, or stone can be inserted until the proper submergence is ob- 
tained. A sliver from a shingle makes a good flag staff, w Wet ft^.'a. \i«. 
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Btack'in the upper end id a small hole bored for the purpose. Little 
strips of light cloth of different colors should be at hand to be used as 
flags, and small carpet-tacks ^ill readily fasten them to the little flag- 
staff. These are so cheap that aft«r using they may be thrown away if 
it is expensive to pack them up or transport them to another place. 
It On October 17, the steamer Knapp towed the quarter-boat, witb 
party, to Le Claire, Iowa. The river was at this time so low that the 
crossing of the rapids was only attempted by very small steamers, and 
with these it was diDicult to do, and attended with considerable risk 
In view of this, and of the uncertainty of being able to get back with 
the Knapp if the river should continue to fall, I decided to tarn over 
the quarter-boat to General J. H. Wilson, Corps of Engineers, discharge 
a portion of the party, send the steamer Knapp back to Saint Pan!, 
and make such surveys as were required below this point with a smaller 
party, transporting it from place to ]ilaee by the regular packet steamers 
or in our own skiffs. All stirveys made up to this date had been rap- 
idly plotted in the evenings and while the quarter-boat was being 
towed from place to place. These plats and the notebooks were in- 
trusted to Assistant McSweeney, with direction to return to Saint Paal 
ou board the steamer Knapp. 

From Le Claire to Saint Louis (except over the Ttock Island Kapida 
and Des Moines Jtapids), the sketching was continued by Mr. Custer 
from the pilot-house of the steamers running regularly on this part of 
the river. He thus managed, by several changes, to sketch the whole 
river by daylight, but the result did not equal my expectations. The 
party, as reduced, numbered about 20 men, all told. These with the 
necessary instruments, rods, chains, &c., and with four skiffs, made the 
surveys below Le Claire. 

We arrived with this party at Burlington, Iowa, October 131, where* 
railroad bridge had been authorized by Congress. Our survey com- 
lueuced about 1 mile above the town and extended to a point about 1} 
miles below it, a total distance of about i miles, coveriug every avail- 
able site for a bridge that would give the Missouri Eiver Bailroad coO' 
ueetion to the east. Here good discharge anil current observation! 
were made. This survey was finished October 24. 

From Burlington the party rowed dowu toKeokuk, Iowa, a distance of 
49 miles, in the skiffs, arriving there on the aoth. Having a few hourt 
before the steamboat left for Quincy, we made a survey of the river in 
the vicinity of Keokuk, running about 2 miles along the river, where a 
railroad bridge had been authorized by Congress. Time being im^ 
tant, we trusted to the notes of General Wilson's survey of the rapidB, 
designed by him to furnish data for a plan of improvement. We left 
this place ou the evening of the 26th, for Quincy, 111., on one of the regu- 
lar steamboats plying between Keokuk and Saint Louis. 

At Quincy surveys and preparations had been made to commence the 
building of the railroad bridge authorized by Congress, but the exact 
location had not been fixed upon, or at least uot made public. Borings 
had been made on did'ereut lines above the town and opposite the lowei 
part of it. The survey was therefore commenced well up the river, and 
run down below the lowest site deemed practicable for a bridge, that 
would be accessible, a total distance of 3 J miles. The islands audsloagbl 
were meandered, and numerous soundings were made in the main chan- 
nel and island chutes. Observations for the direction of the current 
were made at the proposed sites above the town, and the bars Id that 
part of the river were located. No levels were run at this place, the 
leveler being employed in meandering islands, locating bars, &c. The 
water-sarface was referred to the cily levels, the datum-plane of which 
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ras Haiti to be the lowest water. The watersurfac 
erred to this, was 2.U feet. 

Theparty theu went ill tbesliiffatonannibal,Mo.,w 
mtiiorized auolher railroad bridge. The survey at th 
ommenced about one mile above the town and extend 
Kilow it, a total distance of three miles. It occupied 
jwl 2. The snrrey here included the usual transit 1 
rf the river, the meandering of the islands, the tak 
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Hannibal was the last point on the river between S 
iDd Saint Louis, Mo., at which Uougress had autho 
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!xcept the assistants, who were directed to proceed to •. 
o prepare the maps. 
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Bssippi Biver from the bridge above Saint Anthony Falls to Meeker'9 
:Blani), 2.(>2 miles below the falls. This survey included the falls, and 
the dams, flumes, mills, &c., near them, with a line of levels from the 
bridge to Meeker's Island. Mr. Cook also made a reconnaissance of the 
Hver from Meeker'u Ishmd to Fort Huelltng. 

The preliminary report on all these surveys was submitted by me 
January 21, 1867, and is published as House Ex. Doc. No. 58, Thirty- 
giuth Congress, second session. 

The following table shows the extent and location of the surveys 
made between September 13 and November 3, 1866: 
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It ni»y be said of tbese surveys, tbat while they tiave no ulnim to Ibe 
reflued accuracy of geodetic work, they are as good as good plane-table 
surveys. The party was large, and composed of men of experience in 
surveying, aud possessed of much activity, and everytbiug tliongbt to 
have a beariug npou the question of bridging, or that gave iiiformatiou 
altont the river was searched for and obtained if possible. This remark 
is necessary, because some persons have thought the field was gone over 
too rapidly to be thorough, hut this was not the case. Our subsequent 
experieuce enabled us to exteud our work, but showed no fault iu ttiB 
conclusions from the survey. 

The only portions previously surveyed by engiueers with proper meaUB 
were iu the neighborhood of Saint Louis Harbor, at the Des Moines 
Kapids, and Kock Island Bapids, and a small part of the river near 
Subuquo. No lines of levels Lad determined the slope of the river sur- 
face, uur bad gauge observations satisfactorily determined the range 
of surface from tow to hig'h water, and the average dumtiuu of diflereut 
stBges, except at Saint Louis and Rock Island. 

The length of the river between Saint Louis and Saint Paul is about 
790 miles as navigated by steamboats. The informatiou previoasly 
obtained about this portion of the river was nearly all of the kind 
obtained by the United States land-surveys. These surveys were mads 
on tbe two sides of tbe river Irom different baselines, and seldom 
connected across by triangulation or other measurement. Many islandi 
were not included in these surveys at all. Their imperfections were not 
appreciated by us at first, and at considerable effort and expense vt 
had copies made from the Land Office plats along both banks of Hie 
river. 

Letters were also written to all parties known to be interested in 
building bridges, aud to all the principal steamboat companies, aud 
conversations held with every one who would give facts or views in re- 
gard to tbe matter. In this way a number of town plats were secured 
that aided us somewhat in counectlug our surveys with the Uniwd 
States land-surveys. 

We thus found ourselves possessed of a large amount of crude toi'O' 
graphical information procured by ourselves and others, some of it of 
recent date, and some of it, in the lower part of tbe Mississippi, of mao; 
years back, specially valuable as enabling us to compare the subsequeut 
changes. 

Mapping surveys made in 13(i6. — After the completion of the fleld-wort, 
in 18C6, the force of assistants was reduced to four — H. C Long, J. P. 
Cotton, 0. H. Conwell, and Henry Custer. This was made necessaij 
by reason of the small amount of money available for this work. TheM 
assistanis were employed in preparing the maps of the surveys, working 
up tbe notes, aud in assistiug iu the preparation of estimates oad 
reiJorts. 

The maps of the surveys were made on a scale of 200 feet to the inch, 
on manilla paper. Tracings were made of such as were submitted to 
the department. Sketches of particular localities were reduced to scale 
of 2 inches to I mile, to accompany the preliminary report upon all tf 
the work of 1S66 except tbe bridge investigation dated January -l^ 
1867, printed as H. Ex. Doc. No. GS, Thirty-ninth Cougrcsa, second ses- 
sion. On the 31st of January, 1867, a map on a scale of ItH) feet to the 
inch was sent to the Chief of Engineers, showing location, direction (rf 
current, objectionable features, &c., of the railroad- bridge at Clinton, 
Iowa. On the 4tb of February I was called before the Committee 00 
Post-Offlces and Post-Boads, Hon, Alexander Bamsey, cbairmaD, sod 
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ive my views in refereuee to the Clinton bridge, the Hiibstance of 
licb is iQcluded iu tlie special part of Chapter Y relatiug to this 
idgo. 

The attempt was made to construct a map of the whole river on a 
lale of 2 iuctaes to the mile from the data on hand, bnt it was found so 
ttocomplete that the only use of it was to shov how much was tacking, 
ftud what we must supply. 

Surveys made in ISfiT. — In Apiil and May I attended, as a member, 
^e meeting of the Board of Engineers at Keoiiuk, to report upon the 
Ian for a canal to avoid the rapids iu the Mississippi just above that 
ce. Messrs. Cotton and Conwell accompanied me here, and while 
'forming work connected with the Boanl, we investigated the river 
benomena, getting measures of volume, &c. The Board adjourned to 
'avenport, Iowa, and there we made similar investigations and meas- 
mments, and some additional ones at the Clinton bridge, 34 miles 
tiore Davenport. The surveys at Uaven|x>rt, though limited in extent, 
toved of valne afterward when the constrnction uf the Kock Island 
Ifidge was begun in ISGQ. 

'Oq the adjournment of the Board iu May, 186T, I proceeded with 
«ssrs. Cotton and Conwell to Saint Louis. Mr. Cotton set out from 
lis place to supply counectioua with the United States land-surveys, 
id get such other iufuruiatiou as it was practicable to obtain above 
i&t city as far as Keokuk. Mr. Conwell went below as far as the month 
'the Ohio, for the same purpose. The high water greatly circumscribed 
leir operations, though valuable results were obtained. 
Accompanied by Maj. H. 0. Long, civil engineer, I proceeded to exam- 
be the wrecking- boats and other vessels that might aid us in improving 
le Upper Mississippi, and in doing this, went also to Lonisville and 
iQvinnati. At this last place we saw the suspension-bridge, just 
luished, a monument to the capacity of engineering skill to furnish 
ample meansof crossing a great river without obstructing its navigation. 
We all arrived back at Saint Paul about the second week iu Jane, and 
set about measuring the river volume and preparing to renew our sur- 
veys on the Upper Mississippi, and to begiu an accurate survey of the 
Wisconsin River below Portage. The river at that time was too high 
to make surveys of the low water river, but presented a favorable oppor- 
tauity to get its volume iu flood stages. Preparations were immediately 
begau and the work of measuring the volume commenced. 

To get at the amount from the Mississippi and Minnesota, a base-line 
was selected above MinneaiKtHs for the Mississippi, and one above the 
railroad bridge on the Minnesota, and one at Saint Paul as a check on 
the other two. Surveys of a portion of the river immediately above and 
below the discharge sections were made. As it was desirable to make 
observations at all three places on the same day when practicable, the 
base near Minneapolis was abandoned, and one selected near Fort Snell- 
ing immediately above the mouth of the Minnesota Uiver. These obser- 
vations were continued with but few interruptions until the closing of 
the river by ice. The manner of conducting these observations and 
rBSults obtained will form part of a report ou improving the navigation 
between the Falls of Saint Anthony and Eock Island Bapids. 

During July, August, and September, a quarter-boat for lodging a 
surveying party was built at Saint Anthony under direction of C. H. 
GotiwelU civil engineer. This boat was 80 feel iu length, and 18 feet 
wide, fitted up to accommodate a party of about 40 men. This boat was 
bot as large by ouehalf as she should have been for comfort and con- 
veuience. 
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DurinK the latter part of August and the first part of Sf pteiober tbe 
river between Meeker'a Islam! aud Fort SuellinR was surveyed. This 
was done while the party were regularly makiog observations for dis- 
charge of the Minnesota River, the Mississippi liiver at Fort BaelllDg 
(above the mouth of the Minnesota) and at Saint Paal. 

lu the tJooii of Jnly, 18G7, the channels about Pike Island underwent 
great changes. The channel between it and Fort Snelliug was nearly 
fillednp, while the other, north of the island, was enlarged. In thelBtler 
part of Sfptember these channels were resurveyed, the shores mean- 
dered, and soundings taken in all of the channels. These soandiDj^s 
were all located by measured angles from each end of a measured base 
on the shore. The water's surface was referred to permaneut bench' 
marks in the vieitiity, and the gauge-reading at Saint Paul noted, Theu 
eounditigs give accurately the condition of the channel at that time. 

In the latter part of September the river fell within its bauks. Mr, 
Cotton was then directed to organize a party for continuing the snrveja 
commenced last season. This party consisted of J. P. Cotton, in charge; 
J. A. Oraik and Job Voak, civil engineers, transitmeu ; H, P. Farrar, 
civil engineer, leveier; A. M. Scott, civil engineer, compassman ; aiul 
H. D. Van Pelt, recorder of soundings; with chaicimeu, rodmen, ai- 
men, boatmen, and cooks, the party numbering 38 men all told. 

Work was commenced near Pig's Eye Island, 3 miles below Saint 
Fanl. This portion of the river had been surveyed in 1866, but in the 
mean time the bar at the head ot the island had been troublesome, and 
had been reported to be composed in part of loose rocks or bowlden 
The survey was made to settle this question, and to see what ohaDgw 
had taken place in the bars of this part of the river. The manner of 
conducting surveys this year was much the Siime as that followed 1^ 
the party of 180(i, a transit line being run on each bank, a compass line 
on the islands, a level liue on one bank, and lines of souudinga as often 
as every 500 feet. 

The transit lines were run by deflecting from the back sight at each 
change in the line, this deflection being noted and at the same time the 
magnetic bearing. The first deflection at the end of the first course vaa 
subtracted from or added to the magnetic bearing of the first course, and 
entered in a column in the note-book marked "corrected course" direcElj 
opposite the maguetic bearing of the course. At the next angle poinl 
the deflection wasnoted in its Xiroper column "right" or "left," the"co[^ 
rected course" of new line figured, and the magnetic bearing of it recorded 
in its column. The sample below illustrates the way the notes were kept: 
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By this Tuethod any error in reading or recording the deflection an^ 
would be likely to be discovered in time to correct it, and cases of local 
magnetic disturbance would be detected. This method of keeping notW 
will generally prevent a careful engineer from making great errors in 
recording, and enable him to detect at the time an error in reading; 

These transit lines were connected as often as each half mile b; (riu- 



IlKIUGlSO THE MISSISSIPPI ElVEK. 213 

nlation, eacb trausitman setting up a signal at a, statiou on tiia line 
rbicli tLe otber was iustructeii to locate by takiiig augles to from two 
Or more angle poiuts on bis liue. 

The traositmeu were charged with settiug blazed stakes or other sig- 
lals at the water's edge at each 500 fe«t of their line, or oftener in 8[iecial 
ncalities, and note the statioti and distance from the line in tbeir note- 
lK>ok ; also write the number of the station on the stake or signal. The 
tignals set by either trausitmaa were marked with his initials, and all 
)t np on a ooutlniioiis survey were numbered serially. Each transit- 
!»n was furnished with a boat an<i boatmen whose duties were to traus- 
ir the party from the qnarter-boat to the work and back, to carry them 
teross sloughs, ami to set up siguals on the head aud foot of islauds aud 
and bars. 

The compassman, in meandering the islands, oommenoed at the sig- 
lal Bet up by the traQsitmaa, or, in case the trausit lines had not reached 
faia part of the river, he set up auch signals at his starting point, and 
ffominent points along the liue to be located by them. 

The assistant iu charge of the sounding party was instructed to sound 
ietween all the sounding stakes, and always to run a line of soundiags 
Icmsfi the head and foot of each island, cbute, bayou, or slough. A line 
f levels was run on one bank, and the height of the banks of main 
lore and islauds noted. Cross-sections of the valley were run as &e- 
aeatly as could be done, and keep the main liue along with general 
irvey of the river. The assistant in charge, Mr. Ootton, was eontinu- 
lly employed in the field directing the parties, and especially looking 
rfter the hydrography of the river, staking out aud locating submerged 
Hira, noting the prominent points supposed to direct the currents, and 
ketcbing such slonghs and bayous as were not deemed of sufficient 
nportauce to require meandering. 

■ For the first two weeks after taking the field the lines run were 
Qngbly plotted in the evening to see that each principal of party waa 
Brforming the duties required of him in such manner as would insure 
itisfactory results in the map of the survey. The plotting of the notes 
Foaght forcibly to the minds of these assistants who had heretofore 
WD employed on railroad surveys only, the importance of particular 
itention to details in their topographical notes, such as the accurate 
jlineatiou of all rocky spits that might act as wing-dams in their influ- 
lee upon direction of the onrrent at certain stages; the location of 
sail tributaries which, in floods, might bring in large quantities of 
nnd,* gravel, &c. The cross section of these, at the time of survey and 
When bank-full, should always be noted. 

Having made the survey in the vicinity of Pig's Bye Island, as pre- 
viously stated, the boat was allowed to doat down to Bed Bock, the 
itermiuation of the continuous survey from Fort Suelling made in 1866, 
there the regular survey was commenced on the 3d of October, the 
Rage at Suiiit Paul reading i.'2 feet. From thispoint to Hastings, Minn., 
continuous survey of the main river was made; all of the principal 
Blauds were meandered ; a level line run, and three partial cross- sections 
got the valley made ; observations for discharge of the priueipal sluugha 
i?were made, aud a sot of oljservations for volume of the whole river at 
fastings. 

The quarter-boat was managed by two boatmen. Aa soon as the par- 
i had gone out to work in the morning, if the wind <iid not blow, they 
>hed the boat out into the current and let her fiuat down river about 
far as the parties would be likely to get by uiglit. This was always 
ine early in the moruing because at that time it was usually calm, whila 
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later il tlie day the wind generally blew from the south so strong as to k 
Diiike tlie movJDg of the boat au impoi^iiibility witbout motive power 
other than the ciitretit. 

The survey to Hiialiugs was completed on the 14lh of October, and on 
the Idtb the quarter-boat woh taken in tow by the United States steamer 
Montana and left at the month of the Cannon River, where a survei' of 
three mitee of river was made, which included the forking of the river 
into two of the three channels by which it enters Lake Pepin. 

On the 17th October, tlie quarter-boat was towed to Wabasha hy the 
Montana, where the survey was again coiumenced. 

This embraced an instrumental survey of the larger and a reconuuis- 
sauce of the smaller sloughs in the delta of the Chippewa Biver, esteud- 
ing np this river 14^ miles to where the river is all in one channel. The 
Mississippi lliver survey was repeated over part« surveyed in IStifi, for 
the sake of noting changes, and il was continued to Wiuoua, Minu<|H 
distance of about 35 miles along the valley (a much greater length iiipbs- 
ured along ihe river). It embraced the whole valley from bluff to bluff 
often 5 miles in width. All of the slongbs that are ever navigated by 
small steamboats or rafts were meanderetl and sounded out, and most of 
those which were too small for either were sketched. 

The surveying of the sloughs and sidecbauuels was done at a great 
outlay of time and labor, as some of them were as mncb as 5 miles iu 
length, requiring a journey by boats of this distance muruiug and eveo- 
ing when at woik near the middle of the longest of them. While sur- 
veying this part of the river it became necessary to organize extra 
sounding parties, as it was impossible for one party to sound out all of 
the channels and keep along with the other parties. In surveying the 
10 miles of river immediately below Alma two full parties for sounding 
were constantly employed. This was frequently done, the leveller and 
his party, or one of the transit parties, making a second sounding patty. 
Throughout the whole survey the assistants were called upon for any 
duty connected with the work, such as locating submerged bars, mat- 
ing observations for discharge, making cross sections of the valley, 
taking heights of bluffs, &c. The survey to Winona was finishedon 
the 8th day of November, connecting wiih the survey made dt that plaen 
in 1866. 

The next point at which it was deemed desirable to have detailed Ba^ 
veys waa at Coon Slough, some ?>o miles below Winona, measured along 
the valley. We tried to get one of the steamers to tow the quarter- 
boat down, but it being near the close of the season, and plenty of 
freight offering, none were found williug to be bothered with such a l««- 
After waiting two days trying to get towed, Mr. Cotton concluded to try 
to float down. As the wind almost invariably blows up stream dariug 
the day at this season, it had to be done by night if at all. The party 
was wjcordiugly divided into three reliefs, two boats were manned by » 
relief, and with a line to the quarter-boat, started on the evening of 
November 11, as soon as the wind went down sufficiently to permit it 

This was continued by each relief working two hours and restiog 
four, through the night. At the upper mouth of Black River they weie 
met by the aonth wind, which prevented further progress. The day wM 
spent in making a survey of 4| miles of the river at this point. As soon 
as the wind went down in the evening the boat was again started oe 
her journey, this time by "eordelling," when the nature of the shore 
wouhl permit, and by towing wilh skiffs when the shore was not soil- 
able for "eordelling." Brownsville, at the bead of Coon Slough and 



"■f 



BKIDGIMG THE MISSISSIPPI HIVEE. 215 

ift ChauuHl, was reach(>(l on the followiii;; day about douu, and the 
Barvey comtneuced iu the nfteruooti of Kovomber 13, 

The two principal chaiineU were surveyed, nm\ all of the smaller ones 
lither surveyed or sketclied. The surrey of this section to Genoa, or 
3ad Axe, a distance of about 13 miles, was completed on the 19th day 
(f Novemher, and the boat towed to Lansing iu that night by means of 
tkiffs, in the manner described above. A survey of 1^ miles was made 
Lt this point, when, on af*«ount of the lateness of the season, it was 
(teemed best to discharge the parties and lay the boat np for the winter. 
This was accordingly done on the l'2d day of November, the party hav- 
ing been in tbe field since the 1st of October. During this time not a 
9ay was lo(>t on accounc of bad weather, field-work being carried on 
ivery day except whcu moving from point to point. 

The surveying party, under direction of Maj. C. B. Suter, Corps of 
{iDgineers, ou the Wisconsin River, on reaching the Mississippi were di- 
Keted tu drop down to Clay too and malie a survey ot the Mississippi, so 
18 to include the two parts known as the Cassville and Guttenberg 
ihannels, and their connections. This survey was made between the 
flates of October 7 and l^, aud embraced a distance of 9^ miles measured 
plong tbe valley. This surveying party was conducted in the same 
tanner as that on the Mississippi already described. 

Id addition to these surveys, special examinations were made by my- 
^lf aud assistants, Con well and Branson, in the delta of the Chippewa; 
B the lower part of the Gannon River ; in various sloughs and chutes 
in |>art8 of the river not embraced in the detailed surveys, and observa- 
tions for volume of the Mississippi River and sloughs, and of some of 
"le tributaries. 

The following table exhibits the results iu miles run, &c., of the sur- 
veys of this season : 







ToUl .. 









In June, 1868, 1 was directed to examine the railroad bridge across 
the Ohio River at Steubeuville, Ohio. My report upon the result of this 
axaminatioQ was submitted June 29, 1S63. With it was a 

Draaght of provisioDs Teqnired to sen 
lr»y throiigli bridges acroHs uavigablo i 
la fixed bj law, 
ftnd an estimate of cost of bridge 1,700 feet long, 

e of then i>00 feet in the clear, twa uf tliem 3U0 feui 



This report, draught of law, and estimate were published as part of 
iport of Senate Oominittee No. 168, Fortieth Co igress, second session. 
In the succeeding aunual report of the operations for Che fiscal year 
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endiug June 30, 1868, the resiilta of the surveys are partmllj giveu aifrf 
a fltatemeiit of tbe progmxs made in completing the inapn. 

Survesn Mt 1863. — In October, 1868, Mr. OottoD, who had beeu em- 
ployed with asflistaiits since the close of last seaBon iu working up the 
notes of his work in 1867, was directed to organize a party and mak« 
special surveys at points along the river where surveys had been made 
before to ascertain what changes, if any, had taken place, and also at 
bridges and proposed sites tor bridges. 

The party as made up consisted of J. P. Cotton, civil engineer, W. 
Weston, civil engineer, A. M. Scott, civil engineer, and 2 rodmen, i 
boatmen, and one cook. They were provided with 3 skiffs and 3 wall- 
teuts. 

Work was commenced in the vicinity of the month of tlie Minueaota 
on the 12th day of Outober. The volume of tlie Minnesota and of tlie 
Mississippi above and below its month was measured. A full set of 
current observiilions at the bridge of the Milwaukee and SuiutPaul 
Railway over the Minnesota, and soundings above and below it, were 
made. 

In making surveys and observations for direction of carrent, either at 
bridges or otherwise, tbis season, the following method was pursued, A 
base line as long as the location would admit was selected, and its length 
carefully measured. A transit was set up at each end and the angles 
to all prominent points in tbe vicinity measured ; if at a bridge, a rod- 
man was directed to hold a flag-staff at the middle of each pier, the 
angle to this staff being simultaneously measured from each end of the 
base by the transitmen. When the weather was favorable the party 
proceeded at once on their arrival at ii bridge to make observations for 
direction of current so that no delay should occur ou account of wimb' 
weather. All soundings made during this survey were located by tri- 
asgulation. The level of the water's surface was referred to permaueut 
marks so that comparisons can be made iu the future. 

Tbe piers of the bridges, size, height, and shai>e were carefully meas- 
ured, aud also the principal parts of the superstructure. 

Having finished the esaminations at this point, tents were struck ami 
the party proceeded to the Milwaukee and Saint Paul bridge (railway) 
over the Mississippi 3 miles above Saint Paul. Here they went iut^ 
camp and spent days iu sounding, making current observations, anil 
measuring tbe piers and rnnning levels to enable them to constrncti*" 
cross-section along the line of tbe axis of tbe bridge. 

The nest examination was at the Saint Paul highway bridge. Hi 
current observations were made. 

From this point to Wabasha, Minn., the party with skiffs, tents, iu- 
strnments. &e., went by steamer. 

From Wabasha to Alma, a distance of 3J miles, soundings were taken 
on all of the bars shown by survey of ISOti or IUSI, and ou those where 
navigation ha<l been obstructed during the season of 1868. Special paian 
were taken to locale the crossings on bars where the scraper dredge- 
boats had been employed during the season. The smfaoe of the water 
was referred to the beneb-marks of 1867 and observations made ii 
of the island chutes for discharge as nearly as practicable ou the 
tions used in 18G7 for tbis purpose. 

From Alma the party went in skiffs to Rolling Stone Bars (abnutj 
miles above Fountain City). Here a survey of ihe bars at the head 
Rolling Stone Slough and Horse Shoe Bend was made ; the cre«t Iti 
carefully defined by a line of soundings along them, aud Houudii 
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'bbove and Iwlow tliem. Obseivatious were made for Uiacliarge of all 

^b&sitle ctiauntilti. 

. The next point at wliicb examinations and surveys were made was at 
I'WiDoiia, Mion., where iirepaiadoug were being made to erect a railway 
llM'idge, The survey here cont^iated in locatiug soundings in all of the 
M^annels, observations for voinme of the east channel where the bridge 

bad beeu located, and] a cross section of the intervening island, and of 

the main or west channel. 

The next point at which it was proposed to make surveys was at 

^nbuqae, Iowa, so far below that it was economy to go by steamer. 
Accordingly, skitt'a, tetits, and party were transferred by steamer, reach- 

Kag DiibmjDe on the IJStb day of Oetober, wbeu teuts were pitched, and 
fae survey commenced. This survey embraced, iu addition to the cur- 
tent observations, soundings, and measurements at and about the rail- 
vay-bridge in i)rocess of ooustruction at this |K>iDt, and a survey of the 
iarbor of Diibnque, wiiich had lieeu for several years becoming more 
liffloult of access in low water, by reason of a sand-bar extending along 
^e whole front of the town. This survey was completed November 1- 
The rest of the surveys to be made being at or near towns, it was deemed 
iheaper and more expeditions to send the tents back to Saint Paul, ami 
Bnd board lor the party at points where examinations were to be madi-. 
The next point where examinations were made was the Clinton Bridge. 
This had been surveyed iu 18S<> and 1867, so that it was not deemed 
Beeessary to do more than make a few obtiervatious for direction of cur- 
nut, and a survey of that part of the bridge over the east channel 
which WH3 being rebudt. The sui vey at this placo was compU'ted on 
November fl. 

The next point at. which surveys were rei|nired was at Rock Island, 
to which place the party went by steamer. Here a sarvej of the bridge 
knd cnrrent observations above and below were made. The work was 
tompleted on the 11th day of November. 

From this point the party went by steamer to Bnrlington, Iowa, and 
Bade a survey of the railroad bridge and a lull set of curreut-observa- 
iona. This bridge had been built since the survey of 1866. A full sur- 
vey of the bridge aud of the river above and below it was made; also, 
I complete set of current-observations above and below the bridge. 
%e survey at this point wa.i comjdeted on the 14th of N^ovembcr, and 
tie party went to Fort Madison, Iowa, in skiffs that evening. 

On the following morning they went to Keokuk, Iowa, and took 
teamer to Quincy III. A survey was made of the railroad bridge just 
iompieted at this place, and a full set of current observations taken 
Ibove and below the bridge. 

' From this place the party, with skiffs, &c., went by steamer to Alton, 
3!,, reaching there on the 19th instant. The survey was commenced on 
he following morning at Hop Hollow, about two miles above Alton, 
!Vom this point a line was ran on one bank aud part of the distance on 
K)th down to aud iuclnding the mouth of the Missouri Kiver, cunuect- 
Ug there with the survey made by Col. W, E. Merrill, Corps of Engi- 
neers, for Saiut Louis Harbor, aoundings were located throughout the 
rbole of this distance of 7^ miles. Observations were marie for the dis- 
Siarge of the main river, and of tiie sloughs back of the sand-bar oppo- 
ite Alton and west of Ellis Island. Soundings were also made iu 
bese sloughs with si>ecial reference to estimating the cost of closing 
oe of them as a means of improving the navigation in the maiu chan- 
lel of the river along the levee frout of Alton. 
At tbe mouth of the Missouri Kiver, special observations were made 
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for the direction of enrrent wbere tbe two rivers onite. The grfat len^fti 
of base line used here made the caUing of " time" impracticable. 

To iosare as near Bimultaneous reading of the angle as possible, the 
timekeeper was stationed close to one of the obc^ervers mth a tlitg, 
Another man was statiooed by the other observer, whose duty it was 
to watch the motions of the timekeeper, and inform the obeerver, 
When aHoat was started from the boat, the titue-keeper called attention 
to it by raising his flag 5 seconds before the even half minute ; at tlifl 
even hiilf-minute, he dropped the Hag and called " time" to the obaerm 
near him, These motions would be seen and communicated by tbe 
attendant to the observer at tlie other end of the base. A set of Big- 
nals were agreed upon between the party in the boats and the observ- 
era before comineticiiig, so that all movemenis by either party were 
readily commiiuicnted to the otherH, thus preventing mistakes and los« 
of time; ati important item, when working in a river where the cur- 
rent ran 4 miiea per hour and the points of obaervatiou three-foarths 
mile apart. 

This survey was completed on the 5th day of December, the boats 
stored at Alton, and the party disbanded the assistants retarniug t» 
Saint Paul with instruments and note-books, to prepare the mapsaiid 
diagrams. 

Late in the winter, after much delay, a current meter was received at 
Saint Paul, and some interesting v el ouity- observations under the iceal 
different depths were obtained. 

In October of this year, I was appointed member of a special cornmi'*- 
sion, under the Interior Department, to report upon the condition of the 
Faeiflc Ilailroads. This duty was dually made to embrace all P^iilio 
Bailroads and branches, and occupieil all my time until July, 1869. 

Surveys in 1869. — In July, 1809, I was ordered to proceed to Rock 
Island, 111., and relieve Col. T. J. Rodman, United Spates Ordnatioe 
(Jorps, of the charge of the construction of the new govemmeat bridj,'e 
to connect Reck Island with Davenport, Iowa. 

Before fixing upon the ttnal plan and location, it was necessary to 
have a much more extensive map of soundings and current-observationB 
for direction and velocity than had as yet been made, and I directed 
Jlr. Cotton to make these surveys. The quarter-boat used on previoas 
surveys was towed down and a party put on board, and the work COM' 
menced on the 3Uth of July. 

The river at the time was quite high and the current so strong ihii 
a boat could not be rowed against it. To sound in a desired locality, it 
was necessary to go with the Itoat some distance above, keeping ueu 
the shore, and then reach the spot by steering out obliiiuely with tbe 
current. Having arrived at a point in the stream directly above the 
desired location, the boat was anchored, and then allowed to drop down 
by paying out the anchor-line. In this way the whole river was sounded 
over for a distance of several huudred feet above and below the proposed 
bridge location. The bottom of the river being rock, with occasional 
" pots" or holes in it, a great matiy soundings were necessary to prop- 
erly delineate it. Within a distance of one-half mile, upwards of 8,0UO 
soundings were taken before a satisfactory contour-map of the bottflB 
could be made. Several days were also spent in making current-obiwr- 
vations. 

Upon the completion of this survey and map, Mr. Cotton, with assist 
ants H. A. Bentley and L. S. Chase, was directed to make observaiioDS 
at the Burlington^ Keokulc, Quincy, and Dubuque Bridges, the object being 
to get the tlirectiou of the current at the high stage of water then pre- 
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iHinf, and which opportunity hail not occnrred before. The aunual 
^liort of the (Jhief of Engineers of onr operatioos ditriug the fiscal 
Jear eliding June 30. ISliH, gi^-es the condition of the Wiasissippl maps 
Jtad data at that date. '~T"~T^'Z^, 

Circumstances under which maps and report were prepared. — jfuch 
ingress was made during the winter of ISOD-'TO in plotting Ibe surveys 
' I pencil, bat ill health prevented my doing any bard work after the lat 
' January. 

During the month of Febrnary, 1870, the stations of a number of 
officers of the Bngiueer Corps were clianged by orders, and I was 
eeigned to the charge of the Lake Surveys, one of the duties of the 
iigbest honor and importance under our management. Bnt at the time 
[y health was so enfeebled that, at my own request,! was relieved 
torn it. As the same orders had assigned Colonel Macomb to the 
barge of my duties, I was given the station at Kewport, B. I, It 
lonld be noted here that although I had made considerable surveys 
id measurements on the Mississippi, 1 had no opportunity to complete 
le report. From October, 1868 to June, 18tJ9, 1 had been awa.yuu the 
Pacific Bailroad; from June to October, I was closely occupied in start- 
ig the work on the Eock Island Bridge ; during October and November, 
was upon the Wisconsin Kiver projects; and in December, in arraiiE- 
ig for work upon the large amount of field work and notes that were 
) be elaborated. Among other matters not named was a detailed sni- 
fey of the battle-field of Gettysburg. These things are given fully iu 
he first chapter of my report on the Wisconsin River. 

I was authorized to take all my unfinished work on the maps and 
eports with me to Newport, and complete them there. 
Id the summer of 1870 1 had all I could do in performing the duties 
' my new station. MBHi 

On October 18, 1870,1 wasappointefl amemberof a Board of Engineers 
^ examine the bridges on the Ohio Kiver in accordance with section 5 
itf the act making appropriations for the improvement of rivers and har- 
ors, approved July 1 1, 1870. The partial reports of this Board were made 
December 12, 1870, and February 7, 1871, and the final report April 19, 
B71, allof which were printed in the Chief of Engineers' Keport for 187 1, 
p. 397 to 437 inclusive. 

By Special Orders No. 106. dated Headquarters Cor|)8 of Eiiirineers, 
leptember 29, 1870, a Board of Engineers, of which I was the senior 
lember, was ordered to convene at Buffalo, N. Y., to examine tlie plan 
Bd location of the international bridge over the Niagara Eiver at that 
ace. The report of this Board was published in Chief of Euyineers' 
teport for 1H71, pp. 319, 220, 221. 

' Oa the completion of the duties on these Boards iu the spring of 1871, 
ie very large amount of local work at the Newport district required 
Bdivided atteution during the whole outdoor working season. 
I was again a member of an Engineer Board, reconvened by special 
Irders No. 108, Headquarters Corps of Engineers, dated August 3, 1871, 
i ooDsider the plans for the modification of the Cincinnati and Newport 
ridge, as submitted by Thomas A. Scott, esq., president of the Pennsyl- 
ftDta Railroad Company, 

la August, 1871, the project of bridging the Missonriat Saint Joseph, 
tepared by the chief engineer, Mr. E. D. Mason, was submitted to we 
f remarks. My reply was dated August 25, 1871. Bnt we got at 
ork with a very large office force in the autumn and winter, and by 
lebrnary had essentially completed all the original maps and the com- 
jjation of the map on a scale of two inches to the mile, and sent 



r 



L 



220 BRIDGING TNE MISSISSIPPI RIVEK. 

tracings of Lhem to Washington ; but tliongh mnnj parts of the several ' 
reports were prepared, there was not time enough to complete any flaal 
re|)ort. I hail to at once attend as a member of a Board on the harbor of 
Suint Louia (see Annual Beport for 1ST2) ; and another month was used 
up as a witness against the contractor for the Bock Island bridge ma- 
sonry, 

March 27, 1872, I made a report npou Senate bill 845, of Congress 
then in session, authorising an additional bridge across the Mississippi 
River at Quiucy, III. 

Jane 29, 1872, 1 submittftl a report upon the bridging of the Missis- 
sippi River at La Crosse, Wis. — (See La Crosse bridge, in Chapter III,] 

Duties at Newport occupied all the outdoor working season. The 
winter of 1872-'73 was passed in study of works on river and canal im- 
provements and in arranging and elaborating the data from the Missis- 
sippi surveys tor the final reports. Thegeneml map on scale of sis miles 
to the inch was partially finished. 

January 16, 1ST3, Senate bill 1303, authorizing the construction of a 
bridge across the Mississippi Biver at Saint Louis, was sent to me for 
report with recommendations and suggestions. My report upon tliis, 
dured January 21, was submitted. 

January 25, 1873, a substitute for Senate bill 1302 was sent me for 
report. My report upon this was transmitted January 28, 1873. 

May 21, 1873, the plan of a proposed bridge across the Mississippi 
Kiver at Louisiana, Mo., authorized by act approved March 3, 1871, 
■waa submitted to me for investijration and report. My report was for- 
warded under dat« of May 31, 1873. 

During 1S73 I was president of a Board of Engineers to report upon 
bridging the navigable channels between Lakes Huron and Michigan 
(see Annual report for 1374, pp. 947-1051)]; also member of a Board o( 
Engineers to report upon the obstruction to navigation caused by the 
bridge at Saint Louis (see Chapter III) ; also member of the Board on 
the Fort Saint Philip Canal project. 

The first part of 1874 was a very busy period at my Newport station. 
In June, 1874, 1 was made president of the commission on the protectiou 
of the alluvial regions of the Mississippi. This commission exacted 
a good deal of hard labor, but the final report on the Minnesota Birei 
wits completed and the last of the Mississippi bridge surveys was (tu- 
isljed and copies sent to Washington. 

No other work upon the Mississippi Biver bridges was done until after 
the rendition of my final report oo the Wisconsin River, November 
2S, 1875, and the attempt was then made in the beginning of 1870 to 
complete the final report on bridges, but there had been so maoyof 
the bridges completed since of surveys in 1869 that it was thougbl 
desirable to obtain authority and money to make surveys of theiu in 
the season of 1876. These were given by the Chief of Engineers out of 
available funds, and surveys were accordingly made of the bridges at 
Hastings, Winona, La Crosse, Prairie du Ohien, Keokuk, Hannibal, and 
Louisiana. The maps and tracings were completed in January, 1877. 

During the season of 1876 1 was also made a member of the Board o 
Engineers to consider the qnestion of placing sheer-booms at the piers 
of the bridges on the Mississippi to facilitate the passage of ratls. All 
the maps obtained by me were placed at the use of the Board, whicli 
completed its report February 2, 1877. {See Annual Reirert for 1877.) 

After the duty on this Board was over, the preparation of the maps 
for publication was begun and continued until the outdoor work stopped 
us. In the autumn the opportunity was presented of taking op %\'' 
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final re{>ort with & prospect of fiawhiDg it. Tlifra wah iiiiI,\ mii^ liitor- 
TQption givi>n. and that was to tbe rvoonvFiiiiig nl' t.liu ilounl of l<JiJ){liiiHirH 
on tbe Oliio River brii)g<e« at ETa]i:STitk>, wfaicli chidioi) iibmit u iikidIIi'ii 
delay. The offic^work on tbe final report bus tH>(>n inirniit'il witjiout » 
day'8 intermtssion (when not internipteil by loc^l iUiIji-h) ILii'iiijkIj tliu 
winter aud Uomi (o lh<> date transmitting it. 

While coDdncting the snrvevs and other work in a Held an llUIo dti- 
TCloped aa this was, we gathered ererything we roiild, oti LliAt l( il uuiild 
aid us io any way, directly of indirectly, we might have it at out' atna- 
maud. While this was going on. we had necessarily to kee[t our ulllct) 
maps, &c., iu an ontinished ai^te. so that they might be open at all tiiDe» 
to additious and rerisions ; but, at the $atne time, the Qehl-wiirk wan iui 
rapidly as possible worked up according to its nature and jdottud on 
maps or assembled in tabular farm. Tlins we passed out of Mint' itt<i((0 
when reference to notebooks was necessary, while as yet tlii^ ni ipi ilt^- 
signed for final presentation were left in pencil or were finished a4 speu- 
ial representatives. A great deal of the practical resnltH were tliim at 
once available for immediate use on tbe improvemenlM mid <)iiestioiia 
concerning bridging. 

Tbe maps constructed were ou several scales and on Ki^|):iriiLe Mheeta, 
of wbicb the following is a detailed description : 

LIST A^D DESCSIPTION OF OKIGIMAL MA.ra. 

The maps of the river couatnieted from our surveys are on fterersit 
wales and on separate sheets. That portion of the river from the ]evf\ 
above the Falls of Saint Anthony to the outlet of L^ke Saint Crois wa« 
oil surveyed, and has been mapped on ten successive sheuta averaging 
io length about 10 feet each, on a soale of 200 feet to the inch. 

Portions of the river were more tbau once surveyed to mcaanrfe 
Qbanges going on, and at snch places there is more than one map u> b« 
4nly described. On these mnps tbe transit lines and triangulatJon liiie<i 
ikre shown; places of making velocity observations and volome ar« 
iven ; sections along and across the river and valley, topography, depllut 
' water, levels of water surface and bank, connections with Ualttd 
:ea land surveys, and all the information that could be obtained, la 

lOWU. 

The following is a detailed description of these mapn, viz : 
Sheet Xo. 1 begins 2J miles above the Falls of Saint Autbouj atui 
[tends down about 6j miles. 

Host of the survey was made in 1807. The ptirt from the falU U> 
[eeker's Island, abont 2J miles, as first surveyed, want iWfnt io Waab' 
ith the report of my assistant, Mr. Frank Cook, civil cngineM'T 
[ted December 31, 18ti6, ou a scale of 2(Xi feet to an inch, ft wan macbt 
ith a view to an improvement by dam and lock at Mt«lier'a lalaiKL 
Sab8t!(]uentty, iu 1869, some additional sounding*, uolabown onOookV 
lap, were made, of which a report appears in the Annual U^iortwrtlM 
ihief of Engineers, 1870. p. 21',. Tracing of tbia sbetrt M;nl to the Chief 
~ Engineers February 14, 1«72. 

Sheet Xo, 2 esteads down to Fort Suelling, inclndiug Ibe JnactiM ti 
le Minnehaha, a distance of alwut 4 milew along the river, smrrtftii tm 
'M, A copy of this map from Minnehaha CrM.-k down 1 n rnfl tjicjlnag; ■ 
istance of about 2 miles, wam fominbed Lii^tit. TbfMaaii Tarlle, Vmpmml 
ingineers, in tbe »priag of 1470, and um^I by him la tatMWiMitf ik» 
">nudanes of tbe Fort .SueJIing re«errati'>ri, Tlic iwctiiM of tie lirvtf 
mwB on the lower end of tb*i m^ waa tnui;b lued by m la i 
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Chief of Eugiaeers Pebmary 14, 1872. Scale of map is 400 feet to the 
iacb. 

Sheet Xo. 15 exLibits about 8 miles of tbe river below Miuueiska, em- 
bracing the bad bars juat below that place, ^it Mount Vernoa Croiaing, 
at ChimDPj- Eock, and at Eolling Stoue. The survey was made iu 1867, 
hut the sheet shows soundings taken at Chimney Bock and Kolling 
Stone in 18«((, and at Kolliog Stone in 1888. Tracing sent to the Chief 
of Engineers February 14, 1872. Scale of map, 4IIU feet to the inch. 
The name Rolling Stone conies from the name of a suialt attiuent to the 
Mississippi in this neighborhood. 

Slmet No. 16 shows about 9 miles of river, and extends down to Wioona. 
It contains a tronblesouie place known as Betsey Slongh. (Betsey is a 
corruption of Bee scie.) There are other shoals sometimes troablesome 
to navigation. The main survey was made in 1S67, and some additional 
ones about the bridge site in 1868. Tracing of this was sent to the 
Chief of Engineers February 14, 1872. Scale, 400 feet to the inch. 

iSAee( No. 16' is a survey iu the vicinity of Winona made in 186(i. It 
covers about 3 miles and was designed to cover the probable looatioo 
of the proposed bridge, not then fixed upon. Tracing was sent to the 
Chief of Engineers February 14, 1872. Scale, 400 feet to one inch. 

Sheet No, Iti" is a map of the river at Winona, from a survey made in 
1876 after (he bridge was built. This map shows direction and velocity 
of current soundings about the bridge and the approaches to it. The 
continuous survey again breaks at this place. 

Sheet No. 17 is a survey of Trempeleau Bar and a connection with 
the United States land surveys on opposite banks of the Mississippi. IE 
shows about 1 mile of the river. Trempeleau is about 12 miles by the 
river below Winona. This survey was made in 1868. A tracing vhs 
sent to the Chief of Engineers February 14, 1872. Scale, 400 feet to the 
inch. 

Sheet No. 18 is a survey near the upper mouth of Black Biver, inclad- 
ing a bad low- water crossing known as " Ly tie's Crossing." About 4 
miles of river is shown. The survey was made iu 1867, A tracing was 
sent to the Chief of Engineers February 14, 1872. Scale of sheet, 400 
feet to the inch. 

Sheet No. 19 embraces about 4 miles of the river above and below La ■ 
Crosse. The survey was mude in lSfi6 with reference to proposed bridge I 
crossings. It contains also part of the survey made by the Milwanliee 
and Saint Paul Railway Company on the ice, in the winter of 1871 and 
1872, to locate their ' proposed bridge-crossing above La Crosse. This 
material is shown in red. A tracing of our survey in 1866 was seat Co 
the Chief of Engineers on February 14, 1872, and another tracing, con- 
taining the additional data obtained by the Milwaukee and Saint Paul ' 
Bailroad Company, with a report in regard to the bridging of the Mis- I 
sissippi at La Crosse, dated June 29, 1872, was sent to the Chief of 
Kngineers. (See Annual Report for 1873, p. 553.) Scale of sheet, M 
feet to the inch. 

Sheet No. 1!)' is a map of the river in the vicinity of the bridge at La 
Orosse, Wis., from a survey made in September, 1876. Jt contains cur- 
rent observations and soundings, and shows the approaches to the bridge 
and accessory works. 

Sheet No. 20 shows the Mississippi from a mile above Brownsville (8 
miles below La Crosse) down to Bad Axe, or Qenoa, a distance of about 
13 miles, This is a very interesting [lartof the river, containing the two 
nearly equal channels intowbicli it separates, known as Coon Slotigb 
and Kaft Channel. This survey was made iu 1867, A tracing of thia I 
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leet waa Bent to the Chief of Eogiueers February 14, 1872. Scale of 
■beet, 400 feet to the iucb. 

Sheet N'o. 21 ia of a small survey made near Lansing in 1S67, where 
the surveying-boat was laid up for the winter. This is a batl crossing- 
ilace for descending boats, aa they have to run directly for the high 
iluffa, under which, in a dark night, the ahore is undistingaishable from 
6ie water. A beacon light waa recommended for this place. A tracing 
nf this sheet was sent to theChief of Engineers February 14, 1872. Scale 
^ sheet, 400 feet to the inch. 

Sheet Ko. 22 begins at the upper end of a large island opposite Prairie 
^aOhien, and extends down to include the month of the Wisconsin River, 
distance of about 7 miles. The navigation in this portion of the river 
I excellent, and the only object of the anrvey was in reference to cross- 
Dg the river by a bridge. The survey was made in 1866. A resurvey 
9t the mouth of the Wiaconsio, iu connection with a survey of that river, 
was made in 1S6T, which can be seen on the Wisconsin River maps. A 
iill tracing of this sheet waa sent to the Chief of Engineers February 
J4, 1873, and of part of it on December 2, 1874, in connection with bridge 
^aps. The scale of the sheet is 400 feet to the inch. 

Sheet No. 22' is a map of the river in the vicinity of the Ponton Railway 
Bridge at Prairie du Ohien, Wis. It shows the general arrangement of 
^e pontODS and approaches aud soundings and curreut-obaervations in 
iKith channels. 

Sheet No. 23 begins a short distance below Clayton (a village 10 miles 
telow Prairie du Chien), and embraces about; miles of the river. It was 
ntended to include all of the Guttenberg and Cassville chutes, two nearly 
:>f)qaal channels into which the river divides, causing diOicult navigation 
,ta seasons of very low water; but, through a want of comprehension of 
Hie instrnctions, about 4 miles of the lower part of these two channels 
Was not surveyed. Some small parts were surveyed in 1866, noted in a 
difierent color. A tracing of this sheet was sent to the Chief of Eugi- 
Jteers February 14, 1872. Scale of sheet ia 400 feet to the inch. 

aiieet No. 24 represents about 3J miles of river above and below Du- 
augue, surveyed in 186fi, with reference to a proposed bridge-crossing, 
fbe soundings and main river-line are aa then aurveyed, but the sheet 
B made to contain side sloughs and typography the results of after sur- 
.Teys. A tracing was sent to the Chief of Engineers Mareh 9, 1872. 
Scale of sheet, 400 feet to the inch. 

^ Sheet No. 24' is a resurvey of the river at Dubuque, made in 1868, 
After the bridge was began aud well under way. A tracing of this was 
lent to the Chief of Engineers February 14, 1872. Scale, 200 feet to the 
nch. 

Sheet No. 24" is a special representation of the bridge at Dubugue ia 
plan and profile, with details of piers and current-measurements from 
anrvey made in 1868, with additional current-measurements at a higher 
stage of the river iu 1869. A tracing of this was sent to the Chief of 
Bngineers December 2, 1874. Scale of sheet, 200 feet to the inch. 

Sheet No. 25 exhibits the river from Fulton and Lyons down to Beaver 
Island, below Clinton, a distance of about 3J miles. My instrnctions 
ttquired the Clinton Bridge (which the survey included), to be specially 
reported upon. My report was made personally to the Senate Commit- 
tee ou Post-OfBces and PostRoads, February 5, 1867, and a special 
)Dap was, previous to this, in January, filed with the Chief of Engineers. 
^ tracing of this map of the survey, on a scale of 400 feet to an inch, was 
HBt to the Chief of Engineers February 14, 1872. 

Sheet No. 25' repeats the special localitv of Clinton Bridge, gives the 
S, Ex. 69 15 
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velocity-obaervatioos made in 1866, 1867, and in 1SG8, It also shows 
present arraugeiueutof spans, partly rebuilt in 1868. A tracing of tliis 
sheet was sent to tlio Chief of Engineers December 2, 1874. Scale of 
sheet, 400 feet to the Inch. 

Sheet No. 26 covers the location of the first Roclc Island Bridge across 
the main channel of the Mississippi at Davenport and that of the new 
bridge. It shows the form of a pier of each bridge in profile. But com- 
paratively few soundings are given on this sheet. It shows velooity- 
observations at the site of each bridge in May, 1867 and November, 1863, 
the water being high in 1807 and low in 1868. These observatioaB 
proved of great value to na in planning the new bridge afterwards, in 
1809. It shows also the location of the new bridge as made in 18B9, 
This sheet is on a scale of 200 feet to an inch. Wo exact copy of thfe 
has been made. In 1869, on being pnt in charge of planning and build- 
ing the new bridge, we made most thorough soundings, so as to eoD< 
pletely contour the rocky river bed, and all the velocity-obBervalioDS 
that could be of any use, and thus arranged the places and direction 
of the piers and spans. A map of this work, on a scale of 50 feettotAe 
inch, was sent to the Chief of Engineerifc to accompany my report of Sep- 
tember 25, 18fi9. The original was turned over to Col. J, N. Macomb, 
United States Engineers, iu May, 1870. A tracing, inclnding all. of the 
information, somewhat generalized and much detail omitted, waa seot 
to the Chief of Engineers December 2, 1874. Scale, 200 feet to an in(*. 
This tracing was, at my request, returned to me January 20, 1877, fM 
additional current-observations made by us in October, 1876. It vas 
returned to the Chief of Engineers February 23, 1877. 

Sheet Xo, 27 covers about 4 miles of river in the vicinity of Bnrling- 
ton, Iowa. The survey was made in 1866 with reference to the proposed 
bridge which had been authorized by act of Congress approved Jnly25, 
1866, A tracing of this sheet was sent to the Chief of Engineers Febra- 
ary 14, 1872. Scale of sheet, 400 feet to the inch. 

Sheet Ifo. 27' is a resurvey of a portion of the river, made in 1868, 
after the bridge was built. It shows plan and profile of the bridge and 
piers, and determinations of the direction and velocity of current made 
in 18C8 at time of low water, and in 1869 at time of high water. Scale 
of sheet, 200 feet to the inch. A tracing of this sheet was sent to the 
Chief of Engineers December 2, 1374. 

Sheet No. 28 covers about ij miles of the river at Keokuk, Iowa. 
This survey was made in 1866, in reference to the location of a bridge 
which had been authorized by act of Congress approved July 25, 1886, 
though the site had not been fixed upon. Scale of sheet, 400 feet to an 
inch. A tracing of this sheet was sent to the Chief of Engineers Febto- 
ary 14, 1872. 

Sheet No. 28' is a resurvey of this portion of the river, with full set 
of current- observation 8, after the location of the bridge had been made 
and work on the piers commenced. This survey was made in October, 
1809. Scale of sheet, 200 feet to an inch. A tracing of this sbeet was 
sent to the Chief of Engineers December 2, 1874. 

Sheet No. 29 extends above and below Quincy, 111., a total distance of 
3^ miles. The survey was made in 1866, and was intended to cover 
any location of a bridge at this place, authority having been given by 
act of Congress approved July 25, 1866, to build one here. A tracing 
of this map was sent to the Chief of Engineers February 14, 1872, Scale 
of sheet, 400 feet to the inch. 

Sheet No. 29' is a resurvey of a portion of the river after the bridge 
Tras built j it shonsplan and profile of the bridge and piers, and relodtf 
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«nd direction of current. This survey was made in 1S68, A tracing of 
this sheet was sent to the Chief of Eugiueers December li, 1S74. ticule. 
200 feet to the inch. 

Sheet No. 30 shows 3 miles of river in the vicinity of Haniiibal, Mo. 
This survey was made in 186U, and waa intended to cover any possible 
location of a bridge at thia place, authority having been given by act 
of Congress approved July 25, 1860, to build one here. A tracing of this 
sheet was sent to the Chief of Engineers February 14, 1872, and another 
Decembers, 1874, to make the set of bridge maps complete. Scale of this 
sheet is 400 feet to an inch. 

Sheet No. 30* is a map of the river in the vicinity of the railway and 
Iiiff;hway draw-bridge at Hannibal, Mo., from the survey made in Octo- 
ber, 187G. It shows velocity and direction of current, soundings above 
and below the bridge, approaches to the bridge, arrangements of 
spans, &c. 

Sheet Xo. 31 is a map of the river in the vicinity of the railway draw- 
bridge at Looistana, Mo. It shows the direction and velocity of cur- 
rent, soundings above and below the bridge, the arrangement of spans, 
and the accessory works built to control and direct the current. The 
survey was made in October, 1876. 

Sheet No. 'S2 embraces the river from 2 miles above Alton, III., don-n 
below the mouth of the Missouri Biver, about 7 miles. It shows the 
velocity and direction of the current in the Missouri and Mississippi at 
^eir junction. This waa surveyed in 18(i8. Scale of this sheet, 400 feet 
to an inch. A tracing of this sheet was sent to the Ohief of Engineers 
July 25, 1871. A previous survey was made at Alton by my assistant, 
Uiy. U. C. Long, in February and March, ISOS. My report on it is 
^ted April 9, 1868, printed in Aunual lieport of Chief of Engineers for 
'3,868, p. 370. Map accompanied that report, on a scale of 4,000 feet to an 
^ch. 

COMPILED MAPS ON A SCALE OF TWO ISCHBS TO A MILS. 

, These maps were designed to bring together all the general data we 
possessed in regard to the Mississippi Valley, from the Falls of Saint 
ft.atbony to the junction with the Ohio Biver, including not only our 
^wn snrveys, bnt all others available to us. 

Where our own surveys are made, these maps have all the accuracy 
Siat can be attained without being supplemented by a geodetic survey, 
they oomprise 22 sheets, continuous along the Mississippi, numbered 
consecutively from the Falls of Saint Anthony ta the Ohio Biver. The 
idieets are about 5 feet by 3 feet, backed on cloth. They average about 
SS miles to each sheet. They are on the same scale as a continuous 
•eries of sheets along the Minnesota and Wisconsin Kivers, prepared by 
^e and already sent to the Chief of Engineers. 

Where our own surveys came on these sheets, the outline and number 
»f the sheet of detailed survey are shown. Tracings of the first five, at 
iio upper part, were sent to the Chief of Engineers December 23, 1871 ; 
die five at the lower part were sent July 2j, 1871, and the others Feb- 
fnary 14, 1872. 

■ The largest portion of this map was derived from the United States 
knd surveys, but in the outset we met with great difficulty in utilizing 
1^1, because of a general absence of connections across the valley from 
ItHro to Fort Snelling. Thia difdculty has heretofore largely prevented 
le tise of this material by others, so we early made it part of our sur- 
tya [o supply connections. This effort we found a much more seriouH 
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andertakiog Iban we had supposed. It ia well to remiud tLe re:ider 
here that the United States land sarvejs on the east side of the Missis- 
sippi were made from meridians on that side, so that the sorvejs ei- 
tended westward with their ordinarily increasing errors, and terminate^ 
on the Mississippi without an.v closing check. The same course of gi 
veying was followed ou the other side, with the same results, 
appropriations of money for this work necessitated this, and the UniC^ 
States Land Office is not to be blamed for it. Two setsof accumalatei 
errors were thua brought opposite to each other, without the check of 
the one upon the other. The actual condition of the maps of the tffo 
sides of the Mississippi was therefore such that, when brought together, 
if a reasooable allowance was made for the average width of the waWr- 
course at one point it would entirely close it up at some places, and in 
others make it appear to widen into lakes iu places where there were no 
lakes. Along with these obvious errors there were other obstacles to 
uniting these land-offlee maps of the two sides. In the upper river there 
were islands, sometimes 3 miles long, unsurveyed, because of their little 
value, which only appeared as blanks on the plats. 

In the lower eourseof the river there were changes in the banks of tlie 
stream which often, in a few years, were equal to the whole width of tlie 
river. Obviously, then, the only tolerably reliable connections were where 
the banks were determined by the land surveys ou both sides at places 
where the shores were permanent; here a simple triangnlatiou was snf- 
flcient, but it was seldom the case that both banks were permanent; or 
by actual surveys between ascertained corners or points of the United 
States land surveys on opposite sides. It was surpiising to find how 
difficult it was to find such points, and when found they would require 
a survey, with chain and transit, over river-bottom often many miles 
long, iu parts impassable. Generally the bluffs or high grounds are too 
far apart for triangulation, except with large instrnmeuts and expensive 
measurements, which with our means we could not supply, and, conse- 
quently, when the lands were overflowed, connections were impractica- 
ble to us. 

Where our continuous river surveys were made, all the land survey 
corners that could be found were connected with our survey. Another 
serious difficulty in attempting to construct the map of the main water- 
course from the laud surveys arises from the great changes which 
are taking place in the alluvial banks. The surveys began at the opening 
of the present century. The opposite shores were surveyed, sometimes 
many years apart, so that no good representation of the opposite bank 
would exist at the time either survey was made. But these changes of thu 
river-course have not materially affected the form or position of the high 
water margins, so that all the land-survey maps, in proportion to their 
accuracy at the time when made, may be taken now as the position 
of the banks above overflow. 

For the series of 22 sheets we adopted the scale two inches to the 
mile, because that is the scale of the records in the United States land 
offices, aud any sheet obtained from them can be compared directly. 
We have not been able to get the dates of the land surveys to put on 
the map, in many cases, but that can be ascertained iu any important 
case by referring to the records at Washington. We do not claim great 
exactness in the representation of the river where the land surveys art 
even partly used, and we have never used them alone. The positions of 
the bluffs are reliable enough for general purposes. We have added a 
great deal to this information, even where our detailed surveys did not 
extend, by examinations to locate bluffs, terraces, and islands, aud tO 
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lake'coQnectioiis across tbc valley between llie systems of laud surreys 
«ii the o|)poaite sides, »Dd by the aid of county mups aud town plats, 
xailroad surveys, &o. A description of all the connections across the 
TAlley used by us is given in another place. It would have been desir- 
(ible to have more of them. In one or two places we have reasoa to 
believe that the error in width across the valley as represented is nearly 
S,000 feet, after applying all the checks we have, but this is probably a 
Siaxtmum. 

; We have put on the map the lines of the Uuited States land surveys, 
iind as a kunwledge of the reliability of these positions is useful for 
aaoy purposes, the following is an account of the nature of the counec- 
Uons made across the river. After this acoouut a number of places are 
Stated, where intermediate connections are desirable for reason of some 
tregularity in the land surveys. From 3 miles below the Falls of 
Baint Anthony to Fine Bend the Uuited States laud-survey lines are 
ODDtinued across the river, aud the townships ou both sides are num- 
wred from the same parallel and meridian. lu this distance occasional 
^nuectious were made; one near Meeker's Island, 2 miles below Saint 
Anthony ; again, at Saint Paul, at Kewport, at Merrimac, at Fiue Beud, 
trhere the Wisconsin surveys and the surveys from the Iowa meridian 
boin; at Hastiugs, at Preseott, aud at Trenton, Wisconsin. 

A connection had been made across Lake Pekiu, near Maiden Bock, 
»y the State of Minnesota, which was used by us. We connected with 
flnnesota surveys at Wabasha, aud near Winona, iu Minnesota, and 
ipposite Wabasha, at Alma, at Fountain City, and opposite Winoua, iu 
Wisconsin, Between these places our survey was continuous. 

The next connection of the two systems is at Trempeleau. From the 
3'alls of Saint Anthony to this place the connections made are probably 
iAutScient. The greater portion of this section of the river was surveyed 
liyus, and no difficulty was found in compiling the intervening parts 
taken from the land-ofQce plats. From Trempeleau to Brownsville, 
Jlinu,, where our next eouuectiou was made, there is need of two or three 
Reliable connections. In this distance there are irregularities in the 
and-office surveys that are undetermined; they will probably be found 
KB the Wisconsin side of the river. 

*■ iBOursurveyofCoon Slough and Raft Channel, connections were made 
ritb the land-olSce surveys in Wisconsin, opposite Brownsville, aud at 
tad Axe; also with the Minnesota survey at Browusville. These con- 
lectioDs, with that made by Capt. T. J. Lee and Lieut. J. G, Parke, of 
heTopographical Engineers, in Using the boundary between the States of 
fianesota and Iowa, are sufUcient from Brownsville to the south bound- 
ly of Minnesota. From here to Prairie du Chien, Wis,, we made no 
tonnections. In this distance of about 40 miles it is desirable to have sev- 
iral connections with the land surveys on the opposite sides of the valley. 
■ At Prairie du Chien our sarvey was connected with the land survey 
If Wisconsin, but no corners near the river could be found ou the oppo- 
ite side. Here, however, the right or Iowa bank is rocky and not sub- 
Bct to change, so that the land survey agreed very closely with ours, 
ind thus gave us a fair means of connecting. From this point to 
Dubuque we made no connection. At Dubuque the survey started at 
2ie south boundary line of the State of Wisconsin, and was connected 
With the surveys of Iowa. Connections between Prairie du Chien and 
Dubuque are needed. From Dubuque to Savanna, about 40 miles, we 
aade no connections. In this distance there is some irregularity in the 
uid surveys not shown on the plats. Between Savanna and Dubuque 
or map is constructed from the laud surveys, which make the river at 
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Huiitsville, about half way between, about 3,000 feet wider tbaii it is. , 
The surveys at Cliuton, Iowa, and at the Bock Inland Kapids give satis--, 
factory connectious at those places. The land surveys near Buffalo ^ 
Iowa, were shown on the plats to have been connected, and wer^^ 
adopted by us. At Keithsburg, HI., connectiou was made by us, ana^ 
the width of the river was determined by triangulation. At Burlingtor^ 
Iowa, our survey of about 4 miles of river was connected with tl^^, 
land surveys of Iowa, but not with those of Illinois. At Fort Madiso'xi 
Iowa, a connectiou of the land surveys of Illinois and Iowa was made. 
It is desirable that other connections of the United States land survej 
should be made between Eock Island and Port Madiaon, but it is 
believed that no great irregularity exists in them. 

Connections were made by the river surveys at Des Moines Bapids. 
Approximate ones were made by oar surveys at Quincv, 111., and 
Louisiana, Mo. At Clarksville, Mo.; at Hannibal, Mo.; at Cap auGtis, 
Mo.; and at Alton, HI., we made direct connections of the two sides. 

The surveys of Saint Louis Harbor gave au approximate connection 
at that place. Oonnectiona were made by us at Kimmswick, Mo,, 20 
miles below Saint Louis ; at Penitentiary Point, 111., 4(i miles below ; at 
Pountaiu Bluft', 117 miles below; at Cape Girardeau, Mo., 150 mile* 
below; and at Commerce, 165 miles below. 

From the month of the Missouri to the mouth of the Ohio Eiver the 
connections made are probably sufQcient to give the valley nearly cor. 
rect ; but the low water river cannot be relied upon below Saint Loui^ 
except at the few points where it was measured by us. The main value 
of this part of the map in in showing the relative positions of the blufli 
and the lakes, and other features of the bottom lands, which are mainly 
from the United States laud surveys thus brought together. The ma]) 
of the Valley of the Minnesota was made directly from the tJoittd 
States land surveys, mainly by Capt. C. E. Davis, civil engineer, with 
many notes and additions from personal examination and measurement. 
Considerable additions to it, and some changes, were afterward made, 
as described in the report on the Minnesota Kiver. (See annual report 
of Chief of Eugineers for 1875.) 

MAP OF THE VALLEY OF THE MINNESOTA AND MISSISSIPPI EIVEK8. 

This map is a reduction of the maps on a scale of 2 inches to the mile, 
to one of 1 inch to 6 miles. It serves as an index-map to the mapsoD 
a scale of 2 inches to the mile, and has a special interest of its own in 
bringing the great valley fairly before us in one view, with an approacb 
to accuracy that will require very nice surveys to improve upou this aoale. 
It has been extended both north and south of the limits of the maps on 
a scale of 2 inches to the mile. 

Concerning the northern extension into the valley of the Red River, 
there is little more to be said than that it is taken from the DnitMl 
States land surveys, with additions of railroads from Colton's map, and 
such information, confirmatory to our representation, as could be de- 
rived from Long's and Nicollet's explorations, and from Steveus'a Pa- 
cific Bailroad exploring expedition. We are indebted, too, for informa- 
tion furnished by Mr. A. J. Hill, of Saint Paul, who is oue of the most 
faithful and accurate of laborers in geographical investigation. Mr. J. 
Woolworth Coltou's maps have also aided us very materially. 

In the southern part of the river, about the mouth of the Ohio, ami 
southward, we have taken the map of Humphreys and Abbot (plate U 
of the Report on the Physics and Hydraulics of the Mississippi River). 
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*0thUwe have added some inforuiatioii, since obtained, from various 
Sources. Amoug these we may mention the geolo^cal survey of Illi- 
nois under Worthen; tlie geological work u|iou Kentucky, by D. D. 
Owen; recounaiaaances by General Simpson, United States Engineers, 
Glaring the war; some of the recent railroad lines, and surveys and 
Hotee, furuislied by Oapt. G. J. Allen, Corps of Engineers. 

MAPS COLLECTED USED IN COMPILATION, ETC. 

Along with the original maps above enumerated, 1 send the Tollowiiig 
Jiiaps collected during the conduct of the survey ; most of which may he 
useful for futore reference. 

In a new country like this the names are very ephemeral, aud sooa 
pass out of use, and are not repeated on the later maps. One would 
be surprised to see how the names used by Long, Nicollet, and other 
first explorers are disappearing. There are, besides, mushroom towns 
in the first settlement, that, exercising considerable influence for a time, 
disappear without a vestige left on the site. It would be well to pre- 
serve ail these records for future reference, as far as practicable, even 
after they have ceased to be of practical every-day use iu the region to 
which they relate. 

Ma'p of Uriit'et}- States. Slorse and Gaston, Kassau Street, N. Y,, 1S5C. 

Sectional Map of Minnesota. 3. S. Sewall, Saint Paul, Minn,, 1866, 

To\cn»hip and Sectional Map of Minnesota (6 sheets). Power and Thoru- 
tOD, 1867. 

Map of Minnesota. Eice and Reed, Saint Paul, Minn., 1870. 

Jtfop ofMille Lacg. Frank Cook, C. B., 1869. 

United States Land Survey Plats along Mississippi River in Minnesota. 

Minnesota Valley Railroad, 

Bamxey County^ Minnesota, W, F. Dnffy, 1859, 

Hennepin County, Minnesota, R. Cook, 1860. 

Saint Anthony and Minneapolis, Minn. R. and F. Cook, 1861. 

Ramsey, Manomin and Hennepin Counties, Minnesota. L. G. Bennett, 
1867. 

Traointj of Mississippi Biver near Saint Paul, Minn. Surveyed iu 1854- 
'55 by J. 8. Sewall, C. E. 

Tracing of Mississippi River from Meeker's Island to Saint Pawl, Minn,, 
loitkplan of canal and lock. By J. 8. Sewall, C. E., 1808. 

Bastings, Minn, 

Weste7-velt, Qoodhue County, Minnesota. By Baldwin. 

Wabasha, Minn. D. W. Wellman. 

Islamd City, Minn. Bliss & Spear. 

Broumsville, Minn. Lithograph by A. Mendall, Chicago, 111. 

Tracings of Saint Pavl Highway Bridge, Saint Paul RaiUcay Draw- 
bridge, 1876, made under direction of Maj. F. U. Farquhar, United 
States Engineers. 

Map of Wisconsin. With part of Illinois, Michigan, and Minnesota, 
l)y J. Parmer, C. E., Detroit, Mich., published by L. Farmer, Milwaukee, 
Wis. 

United States Land Surveys along the Mississippi River in Wisconsin. 

Fountain City, Wis., showing positiou of sectional corners, 1867. 

Buffalo City, Wis. 

Trempeleau, Wis, 

La Crosse, Wis., tracing of bridge, with current-observations, 187G, made 
nnder direction of Colonel Macomb. 

La Crosse, Wis. Bliss & Spear, 1859. 
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La Crosse, Wis. Bliss & Spear, 1859, 

Prairie du Chkn, Wis. Ira B. Biuusou, 1856. 

Columbia County, Wit. A. Mengea & Co., Madison, Wis. 

Oreen Lake County, Wis. Bogert, Haiglit & Liveruiore, 1S60. 

Dane County, Wis. Menges & Ligowski, Matliaon, 1861. 

United States Land Surrey along the Mississippi River in Wiscotisin. 

Plan of improvement of Dubuque Harbor, 1855 {sections across river), 
Jos. 0. Jennings, United States agent. 

Mineral Regions in vicinity of Dubuque, Iowa. 1358. 

Dubvque County, Iowa. L. H. Thompson, Duudee, 111., 1866. 

Sabula, Jackson County, Iowa. Printed map, no date. 

Clinton County, Iowa, 1865. M. H. Thompson & Bro., Dundee, III. 

Clinton, Iowa, 1855. 

United States Land Surveys along the Mississippi River, in Illinois. 

Leopold Rickter's Map of Illinois, 1861. Springfield, 111. 

Scott County, Iowa, aj^ Rock Island County, Illinois. Thompson & 
Everts, Geneva, 111., 1868. 

Tracing of a portion of Survey of Rock River, Illinois, from mouth up to 
Lyndon, made by General J. H. Wilson, in 1866. 

Sancock County, Illinois. Holmes & Arnold, Buffalo, N. Y., 1859. 

Pike County, Illinois. Holmes & Arnold, Buffalo, N. Y., 1860. 

Sny Carte Bottom, with profile, Adams, Pike, and Galhoun Counties, 
Illiuoia, by Leonard. 

Alton, III. Hart & Mapother, lU. Y., 1854. 

Madison County, Illinois. Holmes & Arnold, Buftlalo, N", T., 1861. 

Saint Clair County. Illinois. J. H. Holmes, 1803. 

Chester, III. Jos. Noel, 18JJT. 

Cairo, III. H. C. Long, C. E,, 1850. 

Cairo, III., November, 1855. 

XInit&i Stales Land Survei/s along the Mississippi Eiver, in Missouri. 

Tracing of a portion of Hannibal, Mo. With United States land sur- 
vey connection, 1867. 

Tracing of Hannibal Bridge, 1876 (shoiving railroad approaches to 
bridge), by division engineer of T. W. W. R. R. 

Louisiana, Pike County, Missouri. John B. Woods, city engineer^ 
1866. 

Tracing of tke bridge site at Louisiana, Mo. {with contours of bottom of 
river), by E, L. Gorthel, chief engineer. 

Lincoln County, Missouri, by A. R. Fiuley, pnblisbed by E, J. Ellis, 
1860. 

Tracing of the mouth of Missouri River. Survey for city of Saint Loutfl, 
by Col. W. B. Merrill, in 18fl3-'69. 

Tracing of the Mississippi at vioutk of the Missouri River, sliowing banks 
in 1861 and 1808, made tor Saint Louis, by J. G. Joyce & Bischoff. 

Saint Louis and Saint Charles Counties Missouri ; Madison and Saint 
Clair Counties, Illinois. L. Oast and Bro., Saint Louis, Mo., 1851. 

Saint Louis, Mo. Jules Hatava, Saint Louis, Mo, 

Wolf Island in Mississippi River, near Columbus, with calculations of 
quantity of water in each channel in 18i3. 

Tracings of Sieamp Lands in Missouri and Xortheastern Arkansas. 



^>hX 



I 



